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Laboratory High Vacuum Standards In Industrial Processing 











Photograph by courtesy of Messrs. Johnson & Phillips, Led., showing a battery of ‘ ‘SPEEDIVAC”’ Booster 
pumps forming part of an installation which we supplied for drying power capacitor elements. 
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is a new electronic component, which replaces the 
electrometer valve in the measurement of very small 
currents. 
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Patent Application No. 33637/54. 
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CO-OPERATION IN SCIENCE, TECHNOLOGY AND INDUSTRY 
IN THE WESTERN WORLD 


HE elaboration of a philosophy of security could 
be an important factor in securing smooth and 

effective Anglo-American co-operation, not merely in 
the exchange of information, but also in the many 
other directions in which savings in scientific and 
technological man-power and in material resources are 
possible. Such collaboration, to be successful, must be 
really desired by both sides, as it was during the War ; 
it must be based on something more positive than 
the fear of technical advance in other countries. 
That is one reason why it is important that con- 
fidence should be felt in British security measures. It 
is also a reason why everything possible should be 
done to see that British organization for research and 
development is as efficient as possible, and especially 
for seeing that full use is made of our opportunities 
for technological advance. Achievements like Calder 
Hall are not to be expected every year, but high 
industrial productivity could be a significant factor 
in leading the United States to seek closer scientific 
and technical co-operation with Britain. Next, it 
must be remembered that to be really effective even 
for defence purposes, co-operation may well have to 
cover the whole field of science and technology. 
Academic research and industrial research may be 
involved as well as that in Government establishments. 

Partly in consequence, there are two further con- 
siderations. If much waste of man-power is to be 
avoided, flexibility is of over-riding importance. The 
nature of the co-operation required will vary from 
field to field: sometimes formal arrangements will 
be necessary; elsewhere informal contacts will 
suffice between groups of people at different levels. 
This may well apply particularly in the planning in 
advance which is essential in all effective research. 

This latter consideration is one reason why it is so 
important to establish confidence and understanding 
as widely as possible, for without that confidence and 
understanding neither party will readily accept the 
risks which are inherent in exchanging views at an 
early stage, without which effective co-operation in 
attacking a problem is impossible. The precedent of 
the Geneva Conference on the Peaceful Uses of 
Atomic Energy suggests that where scientific issues 
alone are involved, it should not be difficult to secure 
effective co-operation ; but professional institutions 
in both countries could do more to promote the 
extension of co-operation through the existing 
channels as well as in other ways. On the American 
side, a valuable article by Dr. W. A. Noyes, jun., in 
the Bulletin of the Atomic Scientists of September 
1957, arguing for a scientific foreign policy, pointed 
out how scientists could support just such a broad 
policy as President Eisenhower and Mr. Macmillan 
have recently indicated. Even at the highest level, 
scientists have some responsibility for seeing that 
those making decisions of policy have sound advice 
on scientific matters. 


At an intermediate level, dealing with technical 
assistance or the technical aspects of defence prob- 
lems, scientists are often official delegates, and, as 
Dr. Noyes points out, decisions frequently involve 
scientific matters as well as broad matters of policy. 
In the United States, the National Academy of 
Sciences and the National Research Council and the 
great technical societies are the main bodies called 
upon for advice. In Britain there is the Advisory 
Council on Scientific Policy and the Research Defence 
Policy Committee, while the Lord President of the 
Council is advised by the four committees of the 
Privy Council, to which the Department of Scientific 
and Industrial Research, the Medical Research 
Council and the Agricultural Research Council and 
the Nature Conservancy are responsible, with the 
Minister of Power and the Atomic Energy Authority 
now standing a little outside and responsible to the 
Prime Minister. 

Doubts have frequently been expressed in recent 
years as to the effectiveness and appropriateness of this 
structure, particularly in respect of the Lord Presi- 
dent’s office, and there would certainly appear to 
be reason for some fuller inquiry into the whole 
question. Quite apart from its bearing on Anglo- 
American co-operation, Britain’s research effort 
should not be expected to be handicapped indefinitely 
by the inadequacies and inefficiencies of organization 
manifest in the past few years. This organization, 
moreover, is concerned with the third more limited 
level distinguished by Dr. Noyes, dealing with 
problems mainly of interest to scientists themselves, 
which in the United States are mostly handled 
officially by the National Academy of Sciences and 
the National Research Council. At all three levels, 
scientists are needed who are versed in the rudiments 
of diplomacy, familiar with and sympathetic towards 
other peoples and their cultures, and prepared to 
give the time to represent their country at inter- 
national meetings and on missions overseas. 

Here we touch on a facet of the educational 
question, for obviously co-operation will be smoother 
if the universities and colleges of technology of 
Britain provide graduates whose training has made 
them alive to wider issues ; they must be capable of 
taking their place effectively in a team, not simply of 
fellow experts in their own field, but also of experts 
in different branches of science and technology and 
from other walks of life. That is an essential step 
in the cross-fertilization required for effective 
co-operation in defence or in other fields. Such 
cross-fertilization must proceed at all levels. Real 
integration and effective co-operation are not to be 
secured without much forethought, preparation and 
effort, sometimes in fields not immediately apparent. 

This may well be true of industrial research. 
Co-operation in defence, as is clear from the joint 
declaration, involves, at least in principle, some 
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degree of economic co-operation ; and it has already 
been emphasized that for Britain, at least, effective 
defence depends on her economic strength. What 
she can contribute to the common task depends in 
large measure on the strength and enterprise of her 
industries, and accordingly on the magnitude of her 
industrial research and development and the vision 
with which that is directed. The inquiries on which 
Prof. C. F. Carter and Prof. B. R. Williams based their 
report, “Industry and Technical Progress’’, revealed 
some shortcomings in this respect which call im- 
peratively for action in the present context. 

Even more pertinent, however, are the comments 
made by Mr. J. H. Dunning in a study of “Anglo- 
American Research Co-operation and Industrial 
Progress” contributed last year to the District Bank 
Review, and in a further article in the Proceedings of 
the Chemical Society last June. Mr. Dunning argues 
that the British industrial achievement needs to be 
linked with an economic environment more favour- 
able to exploitation; this is now provided by the 
presence in Britain of firms financed from the United 
States, the American economy thus benefiting from 
basic research carried out here. The greatest advan- 
tage of Anglo-American co-operation in research, 
however, is in the opportunity it affords for special- 
ization in stages in production. Mr. Dunning suggests 
that if British firms, because of great aptitude, 
concentrated on basic or fundamental research while 
their American associates developed and commercial - 
ized the results, the production and selling technique 
would in time be made available to the British firms. 

Mr. Dunning does not deny that there are dangers 
in such co-operation, though he regards the United 
States economy as complementary to, rather than 
competitive with, the British economy, and he also 
points out that, if Britain does not take advantage 
of the close economic and political ties with the 
United States in this way, other European nations 
will do so. He insists, however, that Britain must be 
partners with America and not simply buyers of 
knowledge. Britain is still among the leading experi- 
mental workshops in the world, and, in relation to 
her size, is the most prolific source of new ideas. 
The economic environment, however, is much less 
favourable than that of the United States for the 
actual commercialization of ideas, and here Anglo- 
American co-operation can achieve its greatest 
mutual benefit and perhaps its most decisive con- 
tribution to the common defence. 

The declaration of common purpose is above all 
a challenge to thought and effort in which scientists 
and technologists, as well as industry, have a decisive 
part. The responsibility does not rest simply on 
governments and government institutions. Scientists 
and technologists, through their professional bodies, 
have to see that the means of co-operation and the 
organization for research and development as well as 
for professional and technical training are appro- 
priate to their task. Industry, too, must remember 
that Britain cannot stand still or rest on past laurels ; 
it must ever seek both new processes and products 
and new ways and means of co-operating to that end. 
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SUGAR INDUSTRY IN THE SOUTH 
PACIFIC 


South Pacific Enterprise 

The Colonial Sugar Refining Company, Limited. 
Edited by A. G. Lowndes. Pp. xvii+500-+ 150 plates. 
(Sydney and London: Angus and Robertson, Ltd., 
1957.) 42s. 


HE Colonial Sugar Refining Co. was founded in 

1855, and this book, aptly named “South Pacific 
Enterprise’, is an account of the development of the 
Company during its century of existence and of much 
else besides. It is written by a number of authors 
drawn from both outside and inside the Company, 
and their contributions have been welded into a 
continuous story by the editor, Arthur Lowndes, a 
well-known agricultural economist. There is not a dull 
page from start to finish as the writers describe so 
well the growth and activities of one of the leading 
Australian industries. The lavish use of illustrations, 
many of them in colour, helps greatly to bring the 
story to life. 

The book opens with the romantic history of the 
sugar cane, indigenous in the South Sea Islands, 
introduced from southern Asia to Mesopotamia in 
historic times, carried thence to the Mediterranean, 
and finally taken by Columbus in his second voyage to 
the Caribbean. Although the sugar cane reached 
Australia from Tahiti in 1817, it was not until the 
late 1860’s that sugar was produced commercially 
in Queensland. So in 1855 the Company started out 
under the energetic leadership of Edward Knox, the 
grandfather of the present chairman, to refine 
imported raw sugar. Two years later it was hard hit 
by a slump in sugar prices and only saved by Knox's 
resolute action, an experience it met again in 1884 
and 1894 when his son, E. W. Knox, was in charge. 

Throughout the century the Company has a fine 
record of prudent financial management and con- 
tinuous development. In the 1860’s when sugar was 
ceasing to be a luxury article and was entering into 
normal diet, the Company did much to encourage the 
growing of cane in Queensland and built mills to 
crush the cane and extract the raw sugar. The slump 
in sugar prices in 1884 due to the rapid production 
of beet sugar turned the attention of E. W. Knox, 
who had succeeded his father in 1880, to the need 
for scientific research and control. Chemists were 
brought in to supervise the extraction of the sugar 
from the cane and its refining, and to control the 
price paid for the cane at the mills based on its sugar 
content. An experimental station was started to 
study the breeding of better varieties of cane with 
most successful results, and this is only one of the 
many ways in which the Company has contributed 
to the efficiency of sugar production in Queensland 
and New South Wales. 

In 1879 the decision had been taken by the Com- 
pany to grow sugar in Fiji, an enterprise which has 
had such an important influence on the economic and 
social future of the two islands. To-day sugar is by 
far their largest export. Sugar plantations were 
started and were later divided into small, native- 
owned farms. Light railways were built to carry the 
harvested cane quickly to the mills, an experimental 
station was opened to breed suitable varieties of 
sugar cane, and to-day there are two agricultural 
schools where the young Fijians are given a three- 
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year course of training. Martin Leake described this 
venture as “the boldest experiment in colonial 
agriculture during the present century”. However, 
the charming and easy-going Fijians did not take 
kindly to the exacting task of raising sugar cane, 
Indian labour was introduced, and to-day most of 
the farms are in the hands of Indians, who now 
outnumber the indigenous Fijian population. 

Since 1923 all the raw sugar produced in Australia 
passes into a pool, controlled by the Queensland 
Sugar Board, which is operated on its behalf by the 
Colonial Sugar Refining Co. The Company markets 
and ships the raw sugar that is surplus to home 
requirements and it thus has world-wide responsi- 
bilities. The home market in Australia and New 
Zealand is supplied from its own refineries with one 
small exception. The disposal of the two by-products 
of the sugar mills, megass, the fibre from which the 
sugar has been extracted, and molasses, the residual 
liquor, has produced two major expansions of the 
Company’s activities in recent years. The manufac- 
ture of wall boards from megass has led to the 
large-scale production of building materials from 
hard woods and asbestos, and an extensive chemical 
industry has been based on molasses as a raw material 
in a subsidiary company in partnership with the 
Distillers Company of Britain. 

All these developments are typical of the enterprise 
which has characterized the Company since its early 
days, thanks to which it became the first major 
industrial organization in Australia and its original 
capital of £150,000 grew to £14 million. The book 
gives a fascinating account of its history and is of 
special interest in showing the place it occupies in the 
economic planning of the world sugar industry. 

The individual cultivator of sugar, often with a 
small holding, is exposed to the risks of the weather 
and world prices. The Company has played a very 
active part in the national and international agree- 
ments which aim at giving reasonable stability to the 
industry by planned production and marketing, 
with a margin to allow for development and experi- 
ment. One of the most interesting chapters describes 
the working of the Commonwealth Sugar Agreement 
of 1951 and the International Sugar Agreement of 
1953, showing the value of a large organization like the 
Colonial Sugar Refining Co. with adequate resources 
for research and development, and with continuity 
of policy based on long experience which has benefited 
alike the cultivator, the consumer and those engaged 
in this essential industry. Harotp HartTLEY 
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SOME MODERN ASPECTS OF 
ENZYME RESEARCH 


Enzymes 
Units of Biological Structure and Function. Edited 
by Oliver H. Gaebler. (Henry Ford Hospital Inter- 
national Symposium.) Pp. xiv+624. (New York: 
Academic Press, Inc.; London: Academic Books, 
Ltd., 1956.) 12 dollars. 
HIS book is a record of the formal contributions 
and discussion at a symposium held in Detroit 
in November 1955. During the past few years there 


has been an exponential growth in work and interest . 


concerning aspects of enzyme action other than the 
chemistry and kinetics of the reactions catalysed 
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and the intimate chemical mechanism of the catalysis. 
It was to these broader fields that the symposium 
was devoted; the borderlands between enzyme 
biochemistry on one hand and cell structure, 
genetics and physiology on the other. The promising, 
and in some cases dramatic, increase in knowledge 
has, of course sprung to some extent from technical 
advances in, for example, electron microscopy, 
refined spectrophotometry and the induction and use 
of mutants of micro-organisms. 

The symposium ranged over so wide a field that it is 
impossible to provide a scientific summary. Equally it 
would be invidious to select contributions for indi- 
vidual comment ; all twenty-nine formal contributors 
are authorities in their respective fields. The 
sections on the mechanism of enzyme formation 
(extending to protein synthesis in general) and its 
genetic control were naturally based mainly on work 
with micro-organisms. The session on the relationship 
of enzymes to cell structure emphasized the poten- 
tialities of electron microscopy and cytochemistry. 
Contributions on cellular energy sources centred on 
the role of hem compounds. Specific physiological 
processes considered in enzymic terms included 
muscular contraction, secretion and re-absorption in 
the kidney, vision and bioluminescence. A final 
session discussed the most elusive problem of all— 
the co-ordinated regulation of enzyme activity. 

The book should prove a most valuable and 
stimulating guide both to research workers and 
advanced students. The former may be provoked to 
considering their own problems more from the point 
of view. of the living intact organism ; the latter will 
also find the symposium gives a novel cross-section 
of biochemistry and a new appreciation of the real 
outstanding problems. 

Verbatim reports of the general discussion are also 
given. Except in so far as items of factual informa- 
tion are concerned, the reviewer does not find this so 
successful. It is not possible to transfer to the 
printed page the atmosphere and spirit of the 
conference room; a commentary by an informed 
reporter might have been more effective. 

D. D. Woops 


HIGH-VOLTAGE TRANSMISSION 
SYSTEMS 


A.C. Switchgear 

By Dr. J. R. Mortlock. Vol. 1: A Survey of Require- 
ments. (Advanced Engineering Textbooks.) Pp. 
xi+387. (London: Chapman and Hall, Ltd., 1956.) 
50s. net. 


Neutral Grounding in High-Voltage Transmission 
By Dr. R. Willheim and M. Waters. Pp. xviii +669. 
(Amsterdam: Elsevier Publishing Company; Lon- 
don: Cleaver-Hume Press, Ltd., 1956.) 90s. 


HESE books discuss important aspects of high- 

voltage transmission systems; the switchgear 
controlling the system, and the method adopted to 
earth the neutral point. 

Dr. Mortlock’s book is the first volume of two on 
a.c. switchgear. It is intended to give guidance to 
power system engineers on the problems associated 
with the determination of switchgear ratings. The 
second volume will deal with basic design prin- 
ciples. 
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The book opens with a chapter on circuit theory 
and conventions, and the two following chapters deal 
with the calculation of symmetrical and unsym- 
metrical fault currents and voltages. The methods 
of calculating fault currents are clearly and logically 
explained, and the theory is supplemented by data 
in the form of tables and diagrams which will, in 
most practical cases, enable the system engineer to 
make his own calculations with a minimum of labour. 
Some information on the electrical characteristics of 
overhead-lines with ‘bundle’ conductors might have 
been included with advantage, as on high-voltage 
systems this type of line is being increasingly used 
and the line impedance is much lower than that of a 
corresponding single-conductor line. 

Subsequent chapters discuss methods of limiting 
fault currents; current and voltage transformers ; 
protective gear; the initiation and interruption of 
ares; restriking voltages; and the co-ordination of 
insulation. 

In discussing protective gear, the author rightly 
emphasizes that the necessary measurements should 
be carried out statically and the simplest of relays 
used. He is, however, unduly pessimistic about 
electronic methods, which “are still in their infancy’’. 
In the opinion of the reviewer, electronic techniques 
and semi-conductor devices could at the present time 
be used for performing the functions of conventional 
protective gear relays without any decrease in 
reliability and with advantages from the points of 
view of space-saving and ease of maintenance. 

The author’s treatment of the rather difficult 
subject of the calculation of restriking voltages is 
excellent, and here again useful data are included on 
practical circuit parameters. 

The final chapter is a useful statement of current 
views on insulation co-ordination. It includes an 
account of methods of calculating the probable 
number of overhead-line flashovers per annum due 
to lightning. There is still, however, a serious lack of 
information on the basic data required for such 
calculations ; for example, estimates of the average 
number of lightning flashes to earth per square mile 
per annum vary over a range of 5 to 1. Apart from 
this, the present theory appears to be inadequate, as 
recent experience on American and British systems 
operating at around 300 kV. has shown that the 
actual number of breakdowns due to lightning is 
several times the value estimated on the basis of 
service records on lower voltage systems. However, 
these gaps in our knowledge are questions for further 
research and do not reduce the value of the book, 
which can be thoroughly recommended to the power 
system engineer. 

Dr. Willheim and Mr. Waters’s book gives a com- 
prehensive and detailed account of neutral earthing 
practice on high-voltage systems in many countries. 
The text is divided into two main parts. The first 
deals with earth faults and earthing methods in 
general, and discusses the capacitance and impedance 
of high-voltage systems ; transient overvoltages due 
to switching, lightning and arcing phenomena ; 
interference with communication circuits; and 
the suppression of earth faults by expulsion tubes, 
oe reclosing switchgear and Petersen 
coils. 

The second and larger part of the book discusses 
resonant earthing, that is, the earthing of the neutral 
point through an inductance tuned to resonate with 
the capacitance of the system to earth—this greatly 








December 21, 1957 VoL. 180 


reduces the magnitude of the current flowing in a 
short-circuit to earth. The inductance is variously 
known as a Petersen coil (after its German sicvunoe, 
an arc suppression coil (in Britain) and a ground 
fault neutralizer (in the United States). The authors 
have adopted American terminology in general. This 
part of the book deals with the theory of operation 
of the Petersen coil; the effect of power losses and 
harmonics; de-coupling coils to avoid interaction 
between circuits ; overvoltages ; protective relays ; 
and the design testing and commissioning of Petersen 
coil earthing systems. Finally they give a survey of 
the extent to which Petersen coil earthing has been 
adopted in various countries. 

The authors have endeavoured ‘‘to co-ordinate the 
large body of accumulated knowledge, and to assess 
the position with regard to techniques already in 
existence or gaining in importance”’, but it is doubtful 
if they have been successful in this aim. The reader 
is not presented with a clear picture of the sphere of 
application of the various methods of neutral earthing. 
What is one to make, for example, of the statements 
that ‘Solid grounding of the neutral has never been 
given a chance in Germany and nobody there seems 
to regret this fact’’ (p. 610), followed by “‘Altogether 
the balance of opinion in Germany as far as 400-kV. 
transmission is concerned has swung towards solid 
grounding, as it appears to offer more in the way of 
immediate advantages’’ (p. 613)? In general, the 
reader is left with an impression that the authors 
favour Petersen coil earthing even at the higher 
voltages. However, many British engineers consider 
that, although this is an efficient method of earthing 
for 33-kV. overhead-line systems of moderate size, 
the disadvantages outweigh the advantages for exten- 
sive systems operating above 66 kV. 

The general trend for extensive high-voltage sys- 
tems is now towards solid earthing, even in continental 
Europe, and the successful operation of the British 
grid system, which was designed for solid multiple 
earthing thirty years ago, has undoubtedly had an 
important influence on practice in other countries. 

J. 8. Forrest 


TEETH OF THE ALEUTS 


The Aleut Dentition 

A Correlative Study of Dental Characteristics in an 
Eskimoid People. By Coenraad F. A. Moorrees. Pp. 
x+196. (Cambridge, Mass.: Harvard University 
Press; London: Oxford University Press, 1957.) 
36s. net. 


HE Orthodontic Department at the Forsyth 

Dental Infirmary for Children, Boston, Mass., 
is fortunate in having as its head Dr. Coenraad F. A. 
Moorrees. His book is a sound research project which, 
unfortunately, had to be based on a minimum of avail- 
able material. The present population of the Aleutian 
Islands consists of some 156 inhabitants. Even with 
such a paucity of material Dr. Moorrees would seem 
to substantiate his initial statement that there are 
two distinct breeding isolates in this small com- 
munity, namely, Eastern and Western Aleuts. This 
fact is made abundantly clear by an evaluation of the 
basic findings on the retention or intensification 
of basic characteristics, such as facial dishar- 
mony, although no satisfactory explanation can be 
offered. 
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The section on odontometry and tooth morphology 
will delight the statistician and dental anthropologist, 
and the tables of comparative data given at the end 
of the book bear witness to the thoroughness of the 
investigator. It is to be regretted, however, that in 
such an investigation no provision for X-ray exam- 
ination was made, and much interesting material must 
have been missed, such as buried or abnormal teeth. 
Lack of this facility tends to render problematical 
the value of any assessment of the caries factor, 
always an interesting study. For the same reason 
the fascinating condition of taurodontism, which is 
present in this community, receives only passing 
mention. Also, the value of the assessment of absent 
teeth, whether congenital or fortuitous, is obscured 
by the arbitrary criteria used in the assessment. 
Surely a tooth is either present or absent, and if 
the latter is the case the cause is worthy of further 
investigation. It was noted that the fluorine intake 
was low. 

Tooth emergence, always a readily accessible means 
of assessing physiological attainment, is discussed 
without, however, any definite conclusions being 
reached as to whether or not the differences noted 
between Whites and Aleuts can be attributed to racial 
characteristics or environmental factors. 

Angle’s classification is used as the basis for assess- 
ment of mal-occlusion, but due to changed habits 
of the Aleuts during the last five decades, little of 
real value was obtained from this study. It is worthy 
of note that the pattern of periodontal disease in this 
community is similar to that found in other peoples. 

The book is well written, the findings and deductions 
being well-proportioned, due allowance being made 
by the author for discrepancies between the two 
breeding isolates. The illustrations, charts and tables 
are most helpful in fully understanding the text, and 
the references are copious. 

The author is to be congratulated on his work, 
and a copy of this book should be in every dental 
F. Taytor Monks 
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library. 


MULTICHANNEL PULSE HEIGHT | 
ANALYSERS 


Multichannel Pulse Height Analysers 
Proceedings of an Informal Conference, Gatlinburg, 
Tennessee, September 26—28th, 1956. Edited by 
H. W. Koch and R. W. Johnston. (Nuclear Science 
Series—Report No. 20. Publication No. 467.) Pp. 
xi+205. (Washington, D.C.: National Academy of 
Sciences—National Research Council, 1957.) 2 
dollars. 

NLY a decade ago multichannel pulse height 

analysers were a novelty used by a few nuclear 
physicists in investigating the spectral emissions of 
radioactive substances. To-day, many types are in 
regular commercial manufacture, and almost every 
laboratory concerned with nuclear physics, radio- 
chemistry or nuclear energy work has at least one of 
these equipments and requirements for several more. 
The multichannel pulse height analyser has, in fact, 
become an essential tool for nuclear research and 
development. 

To the uninitiated the sorting of pulses according 

to their height may not appear to be a difficult prob- 
lem, but because of the statistical nature of the 
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phenomena under investigation, the wide range of 
pulse rates encountered, the extreme variation in 
pulse height and the high degree of accuracy and 
stability required, there are many difficulties. An 
authoritative publication on these and related matters 
has been lacking for some time, and so designers and 
users of multichannel pulse height analysers will 
welcome this new volume summarizing the proceed- 
ings of an informal conference on this subject held at 
Gatlinburg, Tennessee, during September 26-28. 

The book is divided into four parts: the statement 
of the problem; systems; computer techniques ; 
and calibration,, xyz recording and future trends. 
Each of the four parts is prefaced by a chairman’s 
statement (a valuable feature) summarizing the 
more important contributions, and apart from 
the written versions of the individual lectures, 
the publication also summarizes the ensuing dis- 
cussion. 

The first section of the book opens with a statement 
by P. R. Bell, for ten years a designer as well as a 
critical user of these instruments, who discusses the 
use of multichannel analysers in the analysis of beta 
and gamma spectra and indicates some of the main 
design problems. F. Axel contributes the second 
lecture, and he describes the various radiation and 
particle detectors used in association with these 
analysers, and considers, in particular, the pulse 
shapes encountered and their amplitudes. The later 
lectures in this first part of the book deal with the 
important subject of pulse shaping. Altogether this 
first section forms a most valuable introduction to 
the whole subject. 

The second part of the book is concerned with 
‘systems’. At the present time the trend in the 
design of these analysers is away from systems 
employing multiple voltage discriminators. Most of 
the development effort is in- the direction of applying 
digital computer logic and components in order to 
achieve reliability, lower cost, continuous visual 
display of the spectrum for monitoring and automatic 
digital recording of the memory content. The 
majority of modern designs employ pulse stretching 
with amplitude-to-time conversion in order to 
obtain 100 or more uniform channels which are free 
from interchannel boundary drift. This and many 
other aspects of the design of analysers are discussed 
in this second section of the book, which contains 
contributions from American and Canadian designers 
(C. J. Borkowski, G. C. Kelley, R. W. Schumann 
and F. S. Goulding) as well as from designers from 
laboratories in Great Britain (E. H. Cooke-Yar- 
borough), France (J. Mey), Italy (E. Gatti) and 
Switzerland (D. Malder). It is well presented with 
a wealth of detail. 

The later sections dealing with computer tech- 
niques, calibration and future trends are much 
shorter and deal with such techniques as analogue- 
to-digital conversion, storage, marginal testing, etc. 
Much of the information refers to analysers which 
are being developed at the present time, and so 
the opinions expressed are reasonably up to date, 
and the design data the latest available. 

The book is one which can be thoroughly recom- 
mended to the specialist designer. Others, parti- 
cularly the users of multichannel pulse height 
analysers, will find much of value in the book, but 
some of the later chapters dealing with the detailed 


circuit data may prove heavy going for such readers. 
Denis TaYLor 
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ECONOMICS OF ATOMIC POWER DEVELOPMENT IN INDIA AND 
THE INDIAN ATOMIC ENERGY PROGRAMME* 


By Dr. H. J. BHABHA, F.R.S. 


Long-range Need for Atomic Energy in India 


HE coal reserves of India have been fairly well 

estimated. They may be taken at roughly 
40,000 million tons, to which coking coal only con- 
tributes 2,780 million tons, while the rest comes from 
non-coking coal. Thus, the total reserves of coal in 
the ground amount roughly to a hundred tons per 
head of population. This is less than 1/20 of the 
per capita coal reserves of China, roughly 1/35 
that of the United Kingdom, and about 1/150 that 
of the United States. Moreover, the per capita 
consumption of energy in the United States is 
equivalent to the burning of some 9 tons of coal per 
annum. The same per capita rate of consumption in 
India would correspond to the burning of a total of 
3,600 million tons of coal per annum, and would 
therefore exhaust the coal reserves in about a decade. 
A doubling of the coal reserves would make scarcely 
any difference to the long-range picture. 

The total hydroelectric potential of India is 
estimated at between 35 and 40 million kilowatts. 
The total hydroelectric potential, when fully har- 
nessed, would therefore scarcely amount to 1/10 of 
a kilowatt of installed capacity per head of population. 
Much of this capacity is difficult and costly to harness. 
By comparison, the installed electrical capacity of 
the United States amounts to about 0-63 kilowatt 
per head, while it is 1-1 kilowatts per head in Norway. 
Another way of looking at the water-power resources 
is to note that an installed hydroelectric capacity of 
about 40 million kilowatts corresponds roughly to an 
annual consumption of about 120 million tons of 
coal, or barely a third of a ton per capita per annum. 
The water-power resources do not therefore materially 
alter the long-range energy-picture either. 

The present oil production of India is very small. 
A considerable effort in finding new reserves of oil 
has been made recently, and will continue to be made 
for many years. These efforts have met with some 
success. It seems unlikely, however, that they will 
radically change the long-range energy-picture. One 
should remember that the world reserves of oil are a 
small fraction of its coal reserves. 

We therefore come to the inescapable conclusion 
that the reserves of hydroelectric power and conven- 
tional fuels in India are insufficient to enable it to 
reach a high standard of living comparable even with 
the present standard of the industrially advanced 
countries. 

The known Indian deposits of uranium ore con- 
taining more than 0-1 per cent uranium were until 
recently estimated to contain a total of some 15,000 
tons of uranium. Much larger quantities of uranium 
are obtainable in ores of lower uranium content. A 
systematic survey for uranium in India was only 
begun in 1949, while surveys by helicopter and 
aeroplane fitted with scintillometers and by other 
modern techniques have only been undertaken since 


* From an —— discourse given on September 5 during the 
Dublin meeting of 


e British Association. 


1954. They have led to a number of new finds of 
radioactive minerals, and have already doubled the 
known reserves of uranium. 

India has been known for several decades to have 
one of the largest deposits of monazite in the world, 
containing more than 9 per cent of thorium. It is 
estimated that these deposits on the south-west coast 
of India alone contain 150,000—-180,000 tons of 
thorium in an easily extractable form. During the 
past six months the Raw Materials Division of the 
Department of Atomic Energy has made a spectacular 
new discovery of thorium- and uranium-containing 
minerals in the State of Bihar on the eastern side of 
India. This remarkable new deposit lies within ten 
feet of the surface and is estimated to contain more 
than 300,000 tons of thorium in a concentration of 
more than 10 per cent and more than 10,000 tons of 
uranium in a concentration of more than 0-35 per 
cent. Thus, the known reserves of uranium in ore 
containing more than 0-1 per cent amount to more 
than 30,000 tons, while the total reserves of thorium 
amount to about half a million tons. Assuming that 
breeding in power reactors will be possible eventually, 
as seems likely, the known Indian reserves of uranium 
and thorium become equivalent in energy value to 
more than thirty times its reserves of coal. Thus, 
the advent of atomic energy radically changes the 
long-range power-picture. The reserves of uranium 
and thorium are enough to support an annual per 
capita consumption of energy equal to that of the 
industrially most advanced countries for more than 
three centuries. We may confidently expect that, 
long before this, technology will have advanced to 
the stage of enabling us to obtain energy in a con- 
trolled manner from fusion rather than fission. The 
energy problem of the world will then have been 
solved for all practical purposes for ever. 


Present Implications of Nuclear Power 


I come now to the much more interesting questions 
concerning the relative economics of nuclear powet 
in India to-day, and its bearing on the economy and 
planning during the next decade or two. In order 
to discuss this problem, we have to make some 
assumptions about the capital cost of atomic power 
stations and the cost of electricity generated by 
them. 

We are at the very beginning of nuclear power 
generation. There are a large number of basically 
different types of reactors which may be used for the 
purpose. They may differ from each other in the 
form of the fuel, the particular moderator used, if 
any, and the system used for extracting heat. The 
fuel may be natural or enriched uranium or plutonium, 
used either as a metal or an oxide, or in the form of 
a ceramic, or in a solution. The moderator may be 
graphite or heavy water or beryllium oxide, or 
there may be no moderator at all as in a fast reactor. 
Finally, the heat may be extracted by circulating 
some gas, or by an organic fluid, or by a liquid metal ; 
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or indeed the fuel itself, if in the form of a liquid, 
may be circulated for the extraction of heat. 

Thus a very large number of combinations are 
possible leading to reactors of basically different 
design, each requiring the solution of special engin- 
eering problems. Even though many of these 
possibilities can be excluded after careful theoretical 
consideration, the number of possibilities that seem 
feasible on paper is still so large that several have 
not been tried at all, at least on a large scale. A 
number of different prototype power reactors are 
being built in the United States, and a number of 
them have been planned in the Soviet Union. None 
of these, except the pressurized water boiler, is at 
the stage to provide firm figures for an economic 
study. For most of the others we have only the 
vaguest ideas regarding cost. The United Kingdom 
has concentrated on the development of the graphite- 
moderated gas-cooled reactor. The firmest figures 
regarding cost are available for this type. Our 
present studies of the economics of atomic energy in 
India are therefore based mainly on this type of 
reactor, though in certain cases other types have also 
been considered. 

The latest experience appears to show that the 
capital cost of a 60-megawatt station might be about 
£150 (Rs. 2,000) per kilowatt of net electrical capa- 
city, of a 150-megawatt station between £120 
(Rs. 1,600) and £130 (Rs. 1,730) per kilowatt, and of 
a station with a net electrical capacity of 250 mega- 
watts per reactor perhaps £110 (Rs. 1,470) per kilo- 
watt. We shall also assume in this discourse that 
power will be available at Rs. 0-044-0-05 (0-7-0:8 
annas) per kilowatt hour, that is, between about 
0-8 and 0-9d. per unit. It is also important to note 
that actual fuel cost only accounts for about one-third 
of this cost of power, the remaining two-thirds being 
capital charges and interest on fuel. These costs of 
power are based on taking capital charges at 13 per 
cent and a load factor of 80 per cent, corresponding 
to a utilization of 7,000 hours per annum. 

Any plan for the utilization of an under-developed 
area must first ensure an adequate supply of power. 
An under-planning of the power requirements must 
be avoided in any event, since this would result in a 
throttling of the entire industrial development. It is 
preferable to err on the side of over-production of 
electric power, since the capital investment in plants 
for producing power is usually small compared with 
the capital investment in industries needed to con- 
sume the same amount of power. 

In the present stage of development, atomic power 
stations are more likely to be competitive in power 
cost with conventional thermal stations the greater 
their size. Stations of 100-500 megawatts would 
have to be considered. The total power con- 
sumption in a small under-developed country is 
small, and even if the total consumption is consider- 
able in @ large under-developed country, this con- 
sumption may be so dispersed in a number of widely 
separated areas unconnected with each other as to 
be ineffective from the point of view of providing a 
large concentrated demand. Most under-developed 
areas of the world are either not covered by electric 
grids, or have such grids only in the neighbourhood 
of a few large cities. Thus, the fact that at present 
atomic power becomes competitive with conventional 
thermal power only in large stations tends to limit 
the scope of atomic power stations in most under- 
developed countries, since such large blocks of power 
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as 300, or even 100, megawatts can only be utilized, 
in general, if fed into a grid. 

All these general conclusions, however, are incorrect 
in the case of India. The total hydroelectric poten- 
tial of India is not very large, and the seasonal 
nature of rainfall requires the construction of large 
dams, which usually take many years to build, and 
makes its harnessing relatively costly. It follows 
that in many parts of India power is generated from 
thermal energy, even though the power generated 
from it may be more costly. There are three 
important factors, the operation of which make 
nuclear power competitive in a major part of India. 
They are, first, the geographical distribution of the 
coalfields ; secondly, the limited spare transport 
capacity available on the railways ; and thirdly, the 
great shortage of power in certain industrial areas. 

56 per cent of the total Indian coal reserves are 
located in the states of Bengal and Bihar, in the 
eastern corner of India. In 1955 about 80 per cent 
of the total production was in Bengal and Bihar, and 
all the coal for Delhi and Rajasthan in the north 
and west was supplied from these coalfields over a 
distance of roughly 1,500 miles. The supply to these 
two areas will still come from the same coalfields in 
1961, although the total amount to be transported 
will increase by more than 50 per cent. A good part 
of the coal for the industrial areas of Ahmedabad 
and Madras is still supplied from Bengal and Bihar, 
and even when, at the end of the Second Five Year 
Plan in 1961, a substantial part comes to be supplied 
from the other coalfields in the centre and south of 
India, the distance over which coal will have to be 
hauled will still be of the order of 700 miles and more. 

The present price of coal at the pit-heads varies 
from 15 to 21 Rs. per ton. The average tariff realized 
for transporting coal in 1955-56 on the Indian 
Railways was 2-85 hundredths of a rupee per ton per 
mile, while the average cost of carrying a ton of goods a 
mile for this period was 4-36 hundredths of a rupee, 
clearly showing that the present transport of coal 
on the Indian railways is subsidized. The present 
tariff for transporting a ton of coal over 500 miles 
is Rs. 14-25, over 700 miles Rs. 16-50 and over 1,500 
miles Rs. 24-88, whereas the actual cost of transport- 
ing coal over these distances based on the average 
cost of haulage given above is Rs. 21-68, Rs. 30-52 
and Rs. 65-04 respectively. The real cost of coal 
from the Bengal-Bihar collieries in Rajasthan and 
Delhi is therefore more than Rs. 80 per ton, as is 
its real cost to-day in Ahmedabad and Madras also. 
Even when coal comes to be supplied to the industrial 
areas of Ahmedabad, Bombay and Madras from the 
Central India coalfields at a distance of more than 
700 miles, the real cost of this coal will be about 
Rs. 50 per ton. 

It is estimated that the cost of electricity from a 
thermal power station would be about 4-7 hundredths 
of a rupee, or 0-85d. per unit, with a total cost of 
Rs. 50 or £3-75 per ton. We should, therefore, expect 
power from atomic power stations to be competitive 
with power from thermal power stations in areas 
remote from the coalfields such as Ahmedabad, 
Bombay, Delhi and Madras. 

In planning for the future, we must also bear in 
mind the direction in which costs may be expected 
to move. Coal prices, which are controllea, have 
risen by more than 50 per cent during the past twelve 
years. On the other hand, atomic. power may be 
expected to become progressively cheaper as a result 
of technical advances resulting in lower capital costs, 
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higher temperatures of operation, and higher effici- 
encies. There is little doubt that during the next ten 
years nuclear power from improved versions of the 
graphite-moderated gas-cooled reactors will be cheaper 
than thermal power at most places in India remote 
from the coalfields. 

I consider next the second factor already mentioned, 
namely, the effect of the transport of coal on the 
railway system and the economy as a whole. The 
average tariffs for carrying 1 ton of coal and other 
goods over 1 mile is given in Table 1. 


Table 1. FREIGHT CHARGE PER TON MILE ON THE 
RAILWAYS 


Rs./100 
Coal on public railways 2°85 
Coal on non-government railways 5-47 
Grains 5-36 
Oilseeds 6°72 
Other commodities 6-67 


Actual average cost of haulage (broad gauge) 4-36 


On the other hand, the actual cost of hauling a ton 
of goods a mile, taking interest on the total present 
capital invested in the railways at 4 per cent per 
annum, works out at 4-36 hundredths of a rupee. 
This clearly shows that the transport of coal is 
subsidized in the wider interest of the economy as a 
whole. 

Under-planning of power appears to have been a 
feature of the Indian economy during the past decade. 
This shortage of power results in a remarkably high 
load factor for the grid systems as a whole. The average 
load factor for the Ahmedabad grid is 63 per cent, 
and that for the Bombay grid 69 per cent. Even on 
a conservative basis, therefore, it would appear to be 
quite feasible to have an atomic power station of a 
suitable size, say, of 150 megawatts and capable of 
being doubled later by the addition of a second 
reactor, in any of the areas I have mentioned, and 
operated on a very high load factor, keeping the 
present thermal stations for peak loads and as 
stand-bys. 


Relative Economics of an Atomic and a Coal-fired 
Power Station 


It is instructive to consider a particular example in 
greater detail, and I take for this purpose the relative 
economics of an atomic and coal-fired power station 
of 150 megawatts Jocated not far from Ahmedabad. 
The cost of coal at the station, even if it were brought 
from the nearest coalfields in Central India, would be 
nearly Rs. 50 per ton, if its transport were not sub- 
sidized. At this price for coal the real price of 
electricity would be 4-7 hundredths of a rupee 
(0°85d.) per unit, with capital charges at 13 per cent. 
The real price of coal may actually be higher because 
of loss of coal in handling and due to pilferage in 
transit. 

The capital cost of an atomic power station of 
150 megawatts might be taken roundly at Rs. 25 
crores (£18-75 million), while the cost of a coal-fired 
station may be taken at Rs. 15 crores (£11-25 million). 
Thus the atomic station will cost Rs. 10 crores 
(£7-5 million) more in capital investment. To this 
must be added the investment in uranium, which 
may be taken at another Rs. 5-6 crores or £4 million. 
The total difference in capital required is therefore 
about Rs. 15 crores or £11-25 million. This, however, 
is not the whole story, and we have to look further 
into the relative costs of the two to the economy as 
a whole. 
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A coal-fired station would require about 1,300 tons 


of coal per day, ing that a pound of coal is 
required for the generation of a unit of electricity. 
The station would therefore consume more than 
450,000 tons of coal per annum, the transport of 
which over a distance of 700 miles would mean a 
permanent locking up of 1,200 wagons and nearly 
20 locomotives, representing a capital investment of 
Rs. 2-2 crores or more than £1-6 million. The 
transport of this coal would utilize on the railways 
300 million ton miles per annum of carrying capacity. 
We have to make some estimate for the saving which 
would result to the economy as a whole, if this trans- 
port of coal were saved by replacing a coal-firea by 
an atomic power station. There are two ways of 
doing this calculation. Since the average cost of a 
mile of railway track is Rs. 550,000, (£41,000), while 
the maximum carrying capacity of a mile of single 
track is 6-1 million ton miles per annum, one could 
charge roughly Rs. 100,000 (£7,500) as the capital 
investment on railway track for a carrying capacity 
of one million ton-miles of goods per annum. The 
capital chargeable on account of track for the above 
coal transport therefore amounts to roughly Rs. 3 
crores or another £2-2 million. Another way of 
looking at the matter is to calculate the increased 
earnings of the railways, which would result if the 
same carrying capacity were used for the transport 
of other goods instead of in carrying coal. These 
would be in two parts: first, the saving in subsidy 
on the transport of coal, and secondly, the additional 
revenue accruing to the railways on diverting this 
capacity to the transport of other commodities. The 
saving in subsidy amounts to Rs. 0-63 crores. The 
weighted average of revenue for carrying grains, oil 
and other commodities is 6-54 hundredths of a rupee 
per ton mile for the year 1955-56. As the average 
cost of carrying goods per ton mile is only 4-36 
hundredths of a rupee, the net revenue to the railways 
under this head would be Rs. 0-65 crores. So the 
total increase in the earnings would amount to 
Rs. 1-28 crores or £960,000 per annum. If one assumes 
that the increase in railway capacity would have to be 
undertaken in any event for development purposes, 
the increased earnings on the railways, due to the sub- 
stitution of the coal traffic required for a coal-fired 
station by general goods traffic, can be regarded as 
interest on the extra capital investment required by 
an atomic power station, which we have seen to be 
about Rs. 15 crores or £11 million. This would 
therefore represent a return on capital of nearly 
8-5 per cent over and above the interest on capital at 
5 per cent, which is already included in the cost of 
power from an atomic power station. 

In calculating the relative costs of atomic and 
coal power to the economy as a whole, we have to 
carry the analysis further and work out tho relative 
capital investment required to produce the 50 tons 
of uranium per annum needed by the atomic power 
station or the 450,000 tons of coal required by the 
coal-fired station. At 50 per cent overall recovery 
and assuming a pessimistically low-grade ore con- 
taining 0-05 per cent uranium, some 200,000 tons of 
ore must be mined. Table 2 gives the relative 
capital investment required for mining an additional 
million tons per annum of coal and of washing it, 
compared with the capital investment required for 
mining the equivalent amount of uranium ore, of 
extracting the uranium from the ore, of purifying it, 
and fabricating it into fuel elements. 
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Table 2. RELATIVE CAPITAL INVESTMENTS IN PRODUCING 1 MILLION 
Tons OF COAL OR 110* TONS OF URANIUM (Rs. IN CRORES) 
Coal Uranium 
Mining 3°5 15 
Washeries 12 
Uranium processing and fabricating facilities 3-5 
4 5-0 


‘7 
cent assumed in the 


Note: An overall recovery of only 50 pe 
f 0-05 per cent ore to 


uranium plant, requiring about 450,000 tons 
be mined. 


* The Railway Fuel Economy Inquiry Committee, 1953, estimates 
that for coal consumed by the Indian Railways the loss in handling 
and due to pilferage in transit is 7 per cent. This would reduce the 
equivalent quantity of uranium from 110 tons to about 100 tons, 


and the total at the bottom of the second column to 4-65. 


on 


Table 2 shows again that the capital investment in 
the additional annual production of coal is comparable 
with the capital investment in the additional produc- 
tion of uranium. It would be substantially more 
with a richer uranium ore. 

The example just given is typical of the situation 
which we find in many important industrial centres in 
India, which are remote from the coalfields, such as 
Delhi, Bombay, and Madras. 


Utilization of Thorium 


It has been mentioned that the total reserves of 
thorium in India amount to more than 500,000 tons 
in a readily extractable form, while the total known 
reserves of uranium are less than a tenth of this. 
The aim of a long-range atomic-power programme in 
India must, therefore, be to base the generation of 
nuclear power as soon as possible on thorium rather 
than uranium. Once concentrated fuel in the form 
of uranium-235, or uranium-233, or plutonium, is 
available, it should be possible to generate power in 
breeder reactors which breed more fissionable material, 
uranium-233 or plutonium, in the source materials 
thorium and natural uranium, than they burn. The 
reactor at Dounreay is a large-scale experiment in 
this direction, and if it succeeds in breeding, and at 
the same time is shown to be safe and easy to control, 
it should open up a new chapter in the generation 
of atomic power. There are other possibilities of 
breeding, as, for example, with reactors moderated 
with heavy water. Since all power reactors intended for 
breeding appear to require the use of enriched or pure 
fissionable material, a self-sufficient programme must 
provide for the production of such material. 

So far as India is concerned, we consider isotope 
separation plants for the production of uranium-235 
by the presently known methods out of the question, 
due to their high cost, and even more because of their 
enormous consumption of electric power. The best 
way of obtaining fissionable material appears to be 
to produce plutonium as a by-product in atomic power 
stations working on natural uranium. A simple 
calculation shows that a million kilowatts of installed 
electrical capacity in nuclear power plants would yield 
approximately 900 kilograms of plutonium per 
annum. This could be used to fuel the second stage 
of atomic power stations intended to breed, and 
which could therefore be fed thereafter only with 
thorium. The plutonium produced in the natural 
uranium nuclear power plants would therefore be 
used to instal new electrical capacity each year. The 
amount of new electrical capacity which could be 
started off annually, to be fuelled from the plutonium 
produced in natural uranium reactors having a 
million kilowatts of electrical capacity, would depend 
on several questions, the answers to which are not 
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known or not known sufficiently accurately. One 
must await the results of the experiments which are 
being done in the United Kingdom, the United 
States, and the U.S.S.R., on large-scale experimental 
power plants, before reasonably accurate planning is 
possible. The Department of Atomic Energy in 
India is at present engaged in working out various 
possible power programmes with different assump- 
tions regarding the data required. 

It seams likely that breeder power stations may 
begin to operate by about 1965. In order that 
enough plutonium should be available at that time 
for fuelling such stations, it is clearly necessary to 
start on an atomic power programme based on 
natural uranium reactors very soon. If the con- 
struction of such reactors were to be taken up next 
year, they would only begin to operate in 1962, and 
plutonium would therefore only become available in 
quantity by 1965. 


The Indian Atomic Energy Programme 


I will conclude by describing briefly the work that 
is being done in India to develop atomic energy as a 
source of electric power and to promote its use in 
agriculture, biology, and medicine. On the industrial 
side, we intend to produce all the materials required 
for a full atomic power programme. For this reason, 
we started by setting up a plant at Alwaye in south 
India to treat the well-known monazite sands on the 
west coast. In addition to producing rare earths 
and trisodium phosphate (a cleaning material sold in 
the market), this plant produces a cake containing 
thorium and uranium. This cake is brought to the 
plant at Trombay near Bombay, which produces a 
very pure thorium salt and also a uranium salt. It 
was built by Indian scientists and engineers and has 
been in operation since 1954. Its capacity was 
increased six-fold last year. 

We have designed a small uranium plant which 
will turn this uranium salt into reactor-grade uranium 
metal, and we expect to have this plant in operation 
by the middle of 1958. This plant will give us 
enough uranium metal for experimental purposes 
and for use in the reactors that are under construction 
at present. It will also give our sciontific and 
technical staff the necessary experience for the design 
and construction of the large uranium plants which 
will be required by a full atomic power programme. 

A small plant for the fabrication of fuel elements 
has also been designed, and its construction is being 
undertaken forthwith. Besides producing the fuel 
elements for our present natural uranium reactors, 
it will also enable research and development work to 
be carried out on new types of fuel elements and 
their canning. 

India is one of the largest producers in the world 
of the rare mineral beryl from which the metal 
beryllium can be obtained, the present annual 
production being several thousand tons of high-grade 
beryl. Beryllium oxide may have interesting possi- 
bilities as a moderator, and the metal or one of its 
alloys holds out great promise as a canning material. 
A large pilot-plant for producing atomically pure 
beryllium oxide of nuclear purity and sintering it into 
bricks is also being designed. Its capacity will be 
about 15 tons of beryllium oxide per annum, but it 
will be capable of expansion to several times this 
size. Preliminary studies indicate that the cost of 
beryllium oxide produced in this plant will be lower 
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than the cost at which it is being produced in Europe Trombay by Trombay Hill on its west. Its eastern 
at present. side lies on the upper reaches of Bombay Harbour. 


We also intend to produce heavy water in quantity, 
and the decision was taken two years ago to produce 
heavy water and fertilizer together in a large plant 
which is being built at Nangal in the north. This 
plant will produce more than 340,000 tons of nitro- 
genous fertilizer annually, and between 10 and 20 tons 
of heavy water. Hydrogen for the ammonia plant 
will be made electrolytically. The heavy hydrogen 
will be concentrated in the last stage in the electrolysis 
cells, which will be arranged in cascade. The heavy 
hydrogen from these cells, which will comprise 
between 20 and 40 per cent of the total stream, will 
be liquefied and the deuterium extracted by the 
hydrogen distillation process. The plant has been 
placed at Nangal, so that it can draw cheap power 
from the dam at Bhakra. It will consume 160,000 
kilowatts of electric power, and cheapness of power 
is essential for the economics of the process. It is 
estimated that by charging to heavy water only the 
direct .costs involved in its production, the cost of 
heavy water will be about 20 dollars per lb., which is 
substantially lower than the present world price. 
Production will commence in 1960. Several other 
large fertilizer plants are expected to be constructed 
during the Second Five Year Plan, and it is the 
intention of the Government to produce heavy water 
in all of them. 

We are also studying the erection of a plant to make 
atomically pure graphite from the coke produced in 
a refinery in Assam. Experiments which are under 
way at the Atomic Energy Establishment at Trom- 
bay have already shown that graphite of a high 
density can be produced by a method which is being 
tried. 

Zirconium is-another metal which has promise as a 
canning material. In order that it should be so used, 
hafnium has at first to be separated from it and a 
good deal of research work has been done on the 
separation of hafnium from zirconium. A process is 
now being tried out which is even more promising 
than the one reported by us at the Geneva Conference 
on the Peaceful Uses of Atomic Energy. This 
method promises to yield metallic zirconium free 
from hafnium in one step. Zircon, the mineral from 
which zirconium can be obtained, is found as a 
constituent of the famous beach sands on the south- 
west coast of India and is available in plentiful supply. 

Any country which does not wish to depend wholly 
upon outside aid must have its own research and 
development organization, not only for investigating 
the many possibilities which remain unexplored, but 
also because, even in fields where general knowledge 
is available, practical experience must be obtained. 
The Atomic Energy Establishment at Trombay, near 
Bombay, which was formally inaugurated by the 
Prime Minister in January this year, is India’s centre 
for research and development in the field of atomic 
energy. 

A layout of the entire Establishment has been 
prepared, and some buildings completed, while the 
construction of others will start very soon. Some of 
the new laboratories will be ready early next year, 
although all the buildings planned at present, will not 
be ready until 1959. The Establishment is located 
at Trombay, some fifteen miles from the centre of 
Bombay. The site of the Establishment, which 
covers an area of more than 2,000 acres, is completely 
separated from the rest of the industrial area of 


We did not wait for the new buildings before start - 
ing the research activities of the Establishment. The 
Physics and Engineering Divisions were located in 
the Tata Institute of Fundamental Research at the 
old Yacht Club building, and in war-time hutments 
on its new site at Colaba. A warehouse in another 
part of Bombay was converted for housing the 
Chemistry Division, while the Biological and Medical 
Divisions were set up at the Indian Cancer Research 
Centre. The total scientific and technical staff of 
the Establishment is now about three hundred, and 
it will increase to more than eight hundred by 1959. 
By that time the total number of workers on the site, 
including administrative, maintenance and workshop 
staff, will be more than two thousand. 

To ensure a steady supply of trained scientific and 
technical personnel, we have started a training 
programme under which 250 young graduates and 
engineers will be recruited annually from the univer- 
sities and given supplementary training for a year to 
fit them for work in our atomic energy programme. 
The first course commenced in August this year with 
170 trainees. It is hoped to increase the intake of 
this school to 350 a year in due course. . 

APSARA, India’s first atomic reactor, of the 
swimming pool type, became critical for the first time 
on August 4, 1956. It is the first reactor to go into 
operation in Asia, outside the U.S.S.R. It was 
designed, engineered, and built entirely by our own 
people and by Indian industry, except for the fuel 
elements. The fuel elements, which contain enriched 
uranium, have been provided by the United Kingdom 
Atomic Energy Authority. 

The decision to build this reactor was taken in 
April 1955. <A firm decision on the basic design was 
made in August 1955, and it took about one year to 
complete its construction. 

As soon as the decision to build the swimming 
pool reactor was taken in early 1955, we turned to 
the next step of building a powerful high-flux reactor 
for engineering research. We were considering several 
different types, when we received a generous offer 
from the Canadian Government to set up a reactor 
of the NRX type in India. The decision to proceed 
with the joint project was taken in August 1955, and 
the ground for it was broken in February 1956. 
We expect this reactor to be completed by the end 
of 1958. This reactor requires some 20 tons of 
heavy water, which was sold to us by the United 
States Atomic Energy Commission. 

A short while ago, we decided to build a third, 
zero-energy, reactor, which will enable us to study the 
effect of different lattices, shapes and sizes of fuel 
elements, mixed lattices containing uranium or 
plutonium and thorium, and so on. We expect to 
have this reactor in operation in 1958 also, and 
indeed, it may be the second reactor actually to go 
into operation in India. 

The immediate need in many parts of India is for 
small power stations of 20-50 megawatts, and it is 
our intention to study for this purpose reactors 
moderated with beryllium oxide, gas-cooled, and 
working on natural or slightly enriched uranium. 
The critical size of beryllium-moderated reactors is 
smaller than graphite-moderated reactors, and pre- 
liminary calculations show that they may well be 
more economical in the power-range below about 
20 megawatts. For this purpose, we have had for 
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some years @ joint project with the Commissariat a 
Energie Atomique for studying the propersies of 
beryllium oxide as a moderator. A small group at 
our Trombay Establishment is now actively engaged 
in feasibility studies on reactors moderated with 
beryllium oxide of a power output of less than 
30 megawatts. 

The Indian atomic energy programme is of a very 
modest size, compared with the programmes in the 
United States, the Soviet Union, and the United 
Kingdom. It has no military component and I can- 
not but recall on this occasion the words of the Prime 
Minister, Mr. Nehru, at the inauguration of the 
Trombay Establishment, when he said “whatever 
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might happen, whatever the circumstances, we shall 
never use atomic energy for evil purposes’’. Although 
the Atomic Energy Commission was established as an 
advisory body in 1948 in the Ministry of Natural 
Resources and Scientific Research, no important 
effort to develop this work was made until a separate 
department of the Government of India with the full 
powers of a ministry was established in August 1954. 
Since then the work has developed very rapidly and 
the expenditure on atomic energy has grown about 
thirteen-fold within three years. Only a modest 
beginning has been made, but one that holds out 
promise of important developments, which may well 
help to accelerate the industrialization of India. 


OPTICAL DEFINITION OF THE METRE 


By Dr. H. BARRELL 
National Physical Laboratory, Teddington, Middlesex 


RECOMMENDATION to define the metre in 
A terms of light waves has recently been made by 
the Comité Consultatif pour la Définition du Métre, 
one of the five advisory committees of the Comité 
International des Poids et Mesures which periodically 
meet to give expert consideration and make recom- 
mendations relating to units and standards of 
measurement ; the other four are concerned with 
temperature, electricity, photometry and the defini- 
tion of the second of time, respectively. The sug- 
gestion to use the wave-length of light as a natural 
standard of length, first propounded by J. Babinet* 
in 1829 during the period when the wave theory of 
light was being formulated and established, has thus 
at long last led to the following conclusion : that the 
metre be defined as equal to 1 650 763-73 times the 
wave-length in vacuo of the orange-red radiation 
corresponding to the transition between the energy- 
levels 2p,, and 5d, of the krypton-86 atom. 

The first public announcement about this im- 
portant development has just been made by the 
National Research Council of Canada; Dr. L. E. 
Howlett, director of the Division of Applied Physics 
of the National Research Council, is chairman of the 
Comité Consultatif and also the member for Canada 
on the Comité International, which will consider the 
recommendation during its session in 1958. If 
accepted, as appears likely, the wave-length definition 
will then be submitted for the approval of the Con- 
férence Générale des Poids et Mesures (the supreme 
authority in the international metric organization) 
when it next assembles in 1960. Adoption would 
mean that the metre depended once again upon 
a natural standard—a conception which greatly 
attracted the creators of the metric system during 
the last decade of the eighteenth century. But the 
earlier definition was based, as is well known, on a 
terrestrial dimension which was afterwards found to 
be rather inconvenient as the means of reference, so 
it became superseded by one expressed in terms of 
an arbitrary material standard—the Métre des 
Archives, a platinum end-standard—originally con- 
structed to serve merely as a convenient working 
standard representing a ten-millionth part of the 
length of a certain polar quadrant of the Earth. 


The Métre des Archives was superseded in 1889 by 
the International Prototype Metre—a platinum— 
iridium line-standard—which, with its authorized 
copies, constitutes the present means of maintaining 
the metric unit of length throughout the world. 
The Comité Consultatif pour la Définition du 
Métre was established in 1952 as the result of a 
resolution®, adopted by the Conférence Générale in 
1948, which directed attention to the importance, 
for the practical definition and measurement of 
length, of advances made in the production of high- 
quality monochromatic light from pure isotopes 
(mononuclides) of even atomic charge and mass (zero 
nuclear spin). The advisory committee, which com- 
prises representatives from the several national 
standards laboratories and the Bureau International 
des Poids et Mesures, as well as independent experts 
in spectroscopy and interferometry, held its first 
meetings in 1953. Recommendations? were then 
made which (a) strongly favoured the wave-length of 
a radiation from a mononuclide propagated in vacuo 
as the means of re-defining the metre, (b) proposed 
that the radiation be specified solely by the two 
spectroscopic terms denoting the atomic states 
between which the energy transition takes place, and 
(c) described the modalities of transfer from the 
material to the natural standard. The committee 
found itself unable at that dato to select the 
source and radiation best suited to serve as the 
ultimate standard owing to the lack of sufficient 
comparable experimental observations on the radia- 
tions from mononuclides. Continuity with the existing 
definition of the metre unit was to be pi 
through the intermediary of the relationship Arg = 
6438-4696 x 10-!° m., derived from nine independent 
measurements‘ of the :stre in terms of the wave- 
length AR of the red line of cadmium in standard air, 
that is, dry air at 15°-C. under standard atmospheric 
pressure (1013250 dynes/cm.*) and _ containing 
0-03 per cent by volume of carbon dioxide. Since 
any new wave-length standard was to be related to 
the vacuum condition, it was necessary to specify 
a dispersion formula for standard air and, to this 
end, the committee adopted that evaluated by B. 
Edlén®. These provisions ensure that, so far as 
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possible, the numerical values of all optical wave- 
lengths expressed in angstroms will remain unchanged 
and that 1 A. becomes, by definition, equal to 10-1 m. 
exactly. It may be recalled that the value Ag = 
6438-4696 A. was adopted* as the spectroscopic 
reference standard in 1907 and thereby became the 
means of defining the international angstrom—the 
unit that has since served for all spectroscopic 
measurements of wave-length; also that the Con- 
férence Générale of 1927 gave formal sanction’, as an 
interim procedure, to measurements of length on the 
basis of 1 m. = 1] 553 164-13 Ap (corresponding to 
AR = 6438-4696 x 10° m.) as an alternative to 
direct reference to the Prototype Metre or its 
copies. 

The recommendations made at the 1953 meetings 
of the advisory committee were communicated to the 
Conférence Générale in 1954*, and, following this, 
many investigations were initiated on the spectro- 
scopic qualities and wave-lengths of radiations emitted 
by the mononuclides cadmium-114, krypton-84, 
krypton-86 and mercury-198. The results of these 
investigations, which were carried out at the Bureau 
International des Poids et Mesures and the standards 
laboratories of Australia, Canada, Germany, Japan, 
the United Kingdom, the United States and the 
U.8.8.R., were discussed at the meeting of the Comité 
Consultatif held last September at the Bureau, and 
the recommendation for an optical definition of the 
metre in the terms already quoted was unanimously 
accepted. 
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The limit of interference of the recommended 
radiation of krypton-86 is of the order of 0-8 m. 
when excited from the hot-cathode discharge lamp® 
perfected by E. Engelhard for operation when cooled 
to the triple point of nitrogen (63° K.). With such 
a source, the effects of small departures from the 
ideal conditions of excitation implied by the com- 
mittee’s specification of atomic states are calculable. 
The isotope of krypton of mass 86 was selected as 
the source, rather than that of mass 84, because the 
former is easier to isolate by the process of thermal 
diffusion used for separating the constituents of 
natural krypton. It is estimated by the Comité 
Consultatif that the reproducibility of the recom- 
mended new definition of the metre is within the 
range of 1-3 parts in 10°. This figure of merit is 
given for comparison with that of 2-3 parts in 10’, 
which is generally accepted to be the reproducibility 
of the present definition of the metre in terms of 
the material standards. 

This article is published by permission of the 
Director of the National Physical Laboratory. 

* Babinet, J., Ann. Chim. Phys., 40, 177 (1829). 

* C.R. 9e Conf, Gén. Poids"Mes. (1948), 44 (Gauthier-Villars, Paris, 1949). 
> P.V. Com. Int. Poids Mes., 24, 443 (1954). 

* Barrell, H., “Chambers’s Encyclopedia”, 9, 188 (1950). 

* Edlén, B., J. Opt. Soc. Amer., 43, 339 (1953). 

* Trans. Int. Un. Sol. Res., 20, 28 (1907). 

* Trav. Bur. Int. Poids Mes., 18, 52 (1930). 

“ON ae) Conf, Gén. Poids Mes. (1954), 46 (Gauthier-Villars, Paris, 
° aay 1 and Engelhard, E., P.V. Com. Int. Poids Mes., 22, 137 


STRUCTURE AND FUNCTIONING OF THE 
NERVOUS SYSTEM 


N his presidential address to Section D (Zoology) 
of the British Association, meeting at Dublin on 
September 5, Prof. J. Z. Young considered the 
problem of describing the self-adapting control 
systems of living organisms and the development of 
memories within the nervous system. He referred to 
an organism as @ communication system handling 
signals in various codes, two examples of which are 
the chemical signals of the endocrine system and the 
impulse signals of the nervous system. The storage 
of memories within the nervous system is regarded as 
@ special case of a more general principle, whereby 
coded representations of events in the environment 
are stored in readiness to control the selection of those 
responses which had survival value in the past. This 
concept was illustrated by reference to the selective 
activation of groups of neurones in the movement- 
control centres of the nervous system during the 
behavioural responses of an animal. Electrical 
stimulation of such centres in appropriate areas of 
the octopus brain can release elaborate patterns of 
action, such as walking or swimming, but little is 
known about how the connexions between the 
neurones of these centres evoke the patterns, how it is 
ensured that actions are performed in a steady and 
well-regulated manner or how the appropriate actions 
are selected in normal life on the basis of information 
stored in the memory or received from the sense 


organs. 





The first paper of the symposium following the 
presidential address, which was presented by Dr. 
W. K. Taylor, attempted to show how some of 
these functional characteristics of the nervous system 
are also possessed by certain types of electrical net- 
work formed by interconnecting electronic analogues 
of neurones. Each analogue unit was designed to 
simulate what are believed to be the important 
features of the electrical activity of neurones, so far 
as the transmission and transformation of the signals 
that convey information throughout the nervous sys- 
tem are concerned. The assembly of units constitutes 
an analogue computer, since it can be employed for 
investigating the electrical activity of any network 
believed to have functional significance by making 
appropriate inter-connexions between the units. 

Before the units could be designed it was necessary 
to consider the code of signals used by the nervous 
system, and it was concluded that most of the 
physiological evidence supports the theory that the 
code is effectively a special form of frequency modu- 
lation in which the carrier frequency can be modulated 
down to zero frequency or up to @ maximum of 
several hundred cycles per second. This analogy 
was illustrated by reference to a method of demodu- 
lating a frequency-modulated wave, in which each 
cycle is replaced by a pulse of any constant shape 
that could, in particular, be the same shape as the 
nerve-action potential. The modulating signal is 
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recovered by passing the pulses through a low-pass 
filter, and the analogy is strengthened by the fact that 
nerve impulses are always smoothed by what are 
effectively low-pass filters whenever they are used for 
controlling movements. The similarity between wave- 
forms of the tension developed by a single motor unit 
and the output of a low-pass filter in response to a 
train of impulses served to illustrate this point. It 
was suggested that neurones can be regarded as 
frequency-modulating devices in which a stimulus is 
converted into a modulating signal that controls the 
rate at which nerve impulses are generated. 

in membrane potential of crustacean stretch-receptor 
cells recorded by Eyzaguirre and Kuffler (1955) 
were shown to support this analogy if the depolariza- 
tion due to stretch is identified with the modulating 
signal. Adaptation of neurones can be thought of 
as a decrease in the modulating signal for a constant 
stimulus and hence separated from the modulation 
process. The changes in membrane potential referred 
to above support this view, since the ‘firing level’ of 
depolarization remains almost constant during adap- 
tation to a constant stretch, whereas the rate of 
depolarization following each impulse gradually 
decreases. 

A low-pass electrical filter has also been designed 
to simulate the transformation from nerve-action 
potential to post-synaptic potential that occurs when 
a nerve impulse travelling along the axon of one 
neurone arrives at a second neurone and either tends 
to increase or decrease its firing frequency. The 
behaviour of the electrical analogues is consistent 
with the hypothesis that the firing frequency of a 
neurone would be modulated by the resultant post- 
synaptic potential produced by the algebraic sum- 
mation of all the changes in synaptic current produced 
by impulses arriving at all the synaptic endings. 
Indirect evidence in favour of the hypothesis is to be 
found in the form of Kolmodin’s recordings from 
single interneurones in the spinal cord of the cat, the 
firing frequency of which can be increased or decreased 
in a controlled manner by appropriate natural 
stimulation of the skin or of muscle-stretch re- 
ceptors. 

The frequency modulation analogy was also 
illustrated by showing that four sets of frequency- 
modulated impulses within the physiological range of 
frequencies will communicate sufficient information to 
control intelligible speech. Recordings of four sets 
of frequency-modulated pulses generated by four 
neurone analogue units sounded like variable-fre- 
quency nerve-action-potential recordings, but when 
the same pulses were passed through a demodulator 
possessing similar transfer characteristics to muscle 
and used to control a speech synthesizer, the words 
‘British Association’ were formed. This result could 
not have been obtained with the specified form of 
demodulator if any code other than the frequency 
modulation of the constant-area pulses had been 
employed. 

The hypothesis that information storage or memory 
resides in changes in synaptic potency was con- 
sidered as the basis of at least a large proportion of 
the observed learning behaviour of animals. When 
changes in synaptic potency were simulated in the 
analogue computer it became possible to investigate 
neural theories of learning. An example of this was 
described, in which the computer was set up to 
simulate a neuronal network that was thought to be 
capable of learning to recognize shapes. The input 
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apparatus took the form of a model eye that could 
follow moving shapes and generate signals correspond- 
ing to the light intensity distribution over the 
tive field. The set of outputs from the ‘eye’ supplied 
inputs to the neuronal network, and additional 
inputs were derived from sound receptors sensitive 
to different tones. For each input tone there was a 
corresponding output tone under the control of the 
network under investigation, but visual inputs 
initially had no power to produce output sounds. . 
‘Training’ was then commenced by presenting shapes, 
such as letters of the alphabet, at the same time 
sounding an input tone, arbitrarily selected from a 
range of tones. If the training was successful the 
output eventually responded by giving the tone that 
had previously been associated with a particular 
shape when the shape was presented without sounding 
its ‘name’ in the tone-language. The learning powers 
of the network could thus be investigated experi- 
mentally. An example of how one particular network 
responded to distorted forms of the letters 7 and L, 
after being trained to respond correctly to standard 
forms of the letters, was illustrated by slides showing 
the distorted letters and the output responses. A 
number of networks had been found to possess this 
ability to learn the ‘names’ of shapes, and all had 
certain features in common. While this could not be 
taken as evidence that the nervous system contains 
similar networks, it provided concrete hypotheses 
that could in principle be tested and which served as a 
guide to further research. 

In a paper entitled “The Analysis of Nerve 
Function”, Dr. J. W. S. Pringle suggested that 
knowledge of the physiology of the nervous system 
should be the zoologist’s starting point for what he 
must always regard as his main objective—an under- 
standing of the activities and working of the animal 
as a whole in its normal relationship to the environ- 
ment. He described the function of the nervous 
system as that of providing the animal with its means 
of rapid adaptation, and advocated the use of infor- 
mation-flow diagrams as a convenient method of 
illustrating different types of nerve function. An 
example of a simple information-flow diagram was 
given in which information flowing from the eye to 
the brain and back to the eye muscles is represented 
by a single directed line, thus illustrating the principle 
of eye-movement control without confusing the 
picture by attempting to represent the internal 
structure which has so far proved too complicated 
for complete description. 

Two indirect methods that can be applied to the 
problem of correlating structure and functioning 
were suggested. The first is to look for simple struc- 
tures in which the integrative action could be analysed 
in some detail, reasoning from these to more complex 
systems. The second involves a broad survey of the 
organization of nervous systems in as wide a variety 
of animals as possible, a search for principles or 
organization derived from the study of man-made 
automata and an assessment of the extent to which 
the organization of the nervous system could be 
understood in terms of these principles. 

The study of the cardiac ganglion of the decapod 
Crustacea provides an example of the first method. 
There are only nine neurones in this ganglion, and the 
interconnexions produce the interactions that result 
in the generation of a complex rhythmic pattern of 
activity. Maynard has found that only continuous 
steady responses are obtained if the interaction is 
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reduced, sc that it is necessary to consider the 

lion as a unit. In normal operation, the order in 
which the bursts of impulses are generated is repeated 
with regularity and the number of impulses in the 
bursts is nearly constant. This suggests that the 
neurone and synapse characteristics are very stable 
and that the noise-level is very low. As a second 
example, Dr. Pringle referred to his own studies of the 
more complicated and less understood nervous 
mechanisms responsible for the cicada song. As in the 
case of the cardiac ganglion, only part of the nervous 
system is involved and there is no evidence of learning. 
The form of the generated patterns is innate and 
genetically controlled. 

In order to gain some insight into how the property 
of memory may be achieved in the higher centres of 
the nervous systems of animals Dr. Pringle investi- 
gated the second method. He referred to control 
systems in which the order of past events is re- 
recorded and used for predicting future sequences by a 
process analogous to the trial and error learning of 
animals. 

The investigation of relatively simple nervous 
systems containing a comparatively small number of 
neurones was also the subject of papers by Dr. H. P. 
Whiting and Dr. D. M. Vowles. Dr. Whiting 
described the distinctive features in the organization 
of the several hundred large neurones in the brain 
and spinal cord of embryonic and laval lampreys. 
In the brain, for example, more than a dozen pairs of 
neurones are distinct in position and in nervous 
connexions. At hatching several of the brain cells are 
large and distinctive. There are several pairs of 
Miiller nerve cells, increasing to ten distinct pairs in 
the adult, and it was suggested that each has a 
particular co-ordinating function in linking the 
sensory system of the head with the swimming system 
of the trunk. One pair of Mauthner nerve cells, each 
with a long process descending to the opposite side 
of the spinal cord, has a function related to the 
maintenance of equilibrium. Other distinct pairs of 
neurones with shorter processes which do not extend 
into the spinal cord were also to be seen in the brain 
of the newly hatched animal, and these were thought 
to represent tract systems of the adult brain, one 
cell doing what will be the work of many in the 
adult. Before the animal hatches, sensory (Rohon— 
Beard cells), motor (primary motor somatic cells), 
and two types of internuncial cells, which repeat at 
regular intervals and which link with the motor 
system, can be identified in the spinal cord. These 
four types are comparatively large; they have a 
definite position in the cord and a specific form. A 
similar regularity in the cord is very marked in trout 
embryos. The nerve cells are at first irregular in shape 
and position ; then, as the earliest to develop form 
their synaptic connexions, so the cell body of each 
moves into a definite position in the spinal cord 
pattern and acquires a fairly specific shape and 
connexions. This can be seen in the sensory and 
motor cells and also in three pairs of co-ordinatory 
cells which lie at the level of the pectoral fins. Dr. 
Whiting thought that the paired arrangement of 
the large nerve cells in primitive vertebrates may 
also be found when smaller cells are examined. He 
reached the tentative conclusion that, during the 
evolution of vertebrates, nerve cells have become 
smaller and much more numerous relative to the size 
of the anima:: at the same time the connexions 
established by nerve cells have become more labile, 
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and the behaviour of the animal is determined more 
by what is going on in a local population of nerve 
cells than by the function of any single cell. An 
evolution in this direction fans out on a much wider 
scale in the mammalian cortex. 

The fact that there is less information to deal with 
when one considers a relatively simple nervous system, 
and hence a greater possibility of describing the 
interactions within the system was emphasized by 
Dr. Vowles in his paper on the structure and function 
of insect nervous systems. Giant fibres give rapid 
conduction and enable insects to respond quickly, 
but the large size reduces the number of fibres and 
hence the range of possible_responses. 

Although the number of neurones in the ganglia 
of insect nervous systems was relatively small, some 
of the complex functions that could be performed 
resembled corresponding functions in vertebrates. 
The discrimination of flowers by flicker employed by 
bees was quoted as an example of the wastage of 
information that occurs between the receptors and 
effectors of insects. This is inevitable since the eye 
collects more information than the motor system 
can handle. The wastage is thought to be much less 
with mammals. As in the larval lamprey, the neurones 
of the insect nervous system are found to form regular 
patterns as development proceeds, the order of cell 
division being muscle first, followed by motor and 
finally sensory cells. 

The final paper of the symposium, by Dr. M. J. 
Wells, described a study of the processes involved in 
the learning of touch discrimination in the octopus. 
The octopus is peculiarly suitable because of the 
considerable structural separation of the parts 
concerned with sensory integrative and motor 
processes. Experiments suggest that the animals are 
unable to distinguish the shape of objects but that 
differences in texture can be detected. It is thought 
that the inability to discriminate shapes is a conse- 
quence of the extreme flexibility of the arms of the 
octopus, and that we learn to distinguish shapes by 
making use of information from muscles and joint 
receptors in addition to the information from touch 
receptors. 

The absence of joints in the octopus is considered 
to be equivalent to a practically infinite number of 
bending places, and it seems improbable that the 
animal can have a sensory apparatus of the complexity 
necessary to define the relative position of its armtips 
or suckers with any accuracy. Octopus appears to 
learn to recognize objects from the characteristic 
frequencies of nerve impulses that different surface 
textures produce in the nerves coming from the arms. 
Dr. Wells compared the tactile learning before and 
after removal of the optic lobes and found no change, 
whereas da e to the considerably smaller volume 
of the vertical lobe results in the animal requiring 
more trials to attain a given standard of response. 
Extensive damage to the inferior frontal-subfrontal 
lobe system results in destruction of the octopus’s 
ability to learn to discriminate between objects by 
touch, but has no effect on movements or on visual 
learning. It was concluded that the inferior frontal- 
subfrontal system is exclusively concerned with the 
integration of surface tactile information. The 
apparent limitation to frequency discrimination 
within this system was considered to be favourable 
from the point of view of the study of learning pro- 
cesses and the structures associated with them. 

W. K. Taytor 
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Prof. Heinrich Balss 


Tue German zoologist Heinrich Balss, for many 
years chief conservator of the Zoologische Staats- 
sammlung, Munich, died at Planegg on September 
17, aged seventy-one. He was a well-known specialist 
on the higher Crustacea and contributed the sections 
on decapods and stomatopods to Kikenthal and 
Krumbach’s ‘‘Handbuch der Zoologie’”’ and also to 
Bronn’s ‘Klassen und Ordnungen des Tierreichs’’. 

Balss received his early education at Mainz, where 
he was born on June 3, 1886. After a semester at 
Heidelberg (1904) he transferred to Munich, with 
which University and city he was associated for the 
rest of his life—with a break during the First World 
War. On obtaining his doctorate in natural science, 
he was appointed assistant to Prof. R. von Hertwig ; 
he became conservator in 1918, chief conservator 
about 1928 and received the title of professor 
in 1925. In September 1937, because he was of 
Jewish extraction on his mother’s side, he was 
retired on half pay though allowed the use of his 
room at the Staatssammlung. He was re-instated 
after the fall of the Hitler régime and retired volun- 
tarily in 1951. 

In his formative years Balss owed much to the 
inspiration of Franz Doflein, with whom he col- 
laborated in studying material of the Hamburg 
Magellan and German Deep-Sea Expeditions (1912 and 
1913). Doflein’s rich collection from Japanese waters 
formed the basis of a series of papers by Balss on 
“Ostasiasische Decapoden I-V”’ (1913-14 and 1922- 
24). Reports by him appear in the results of numerous 
German expeditions, and many other countries sent 
him material for determination and description. He 
was the ideal systematist—painstaking, methodical 
and thorough in everything that he undertook. He 
did much to elucidate the classification of the large 
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National Institute for Research in Nuclear Science : 

Rutherford High Energy Laboratory 

THE new laboratory of the National Institute for 
Research in Nuclear Science, now being built at 
Harwell, is to be called the Rutherford High Energy 
Laboratory to commemorate the work of the late 
Lord Rutherford in the development of nuclear 
physics. It is to occupy a site adjacent to the Atomic 
Energy Research Establishment and will house the 
Institute’s first large accelerator, a research machine 
of which the main part is a magnet-ring 120 ft. in 
diameter, weighing more than 6,000 tons. 


Dr. T. G. Pickavance 


Dr. T. G. PickavaANcE, who has been appointed 
first director of the High Energy Laboratory, is at 
present deputy head of the General Physics Division 
of the U.K. Atomic Energy Authority Research 
Establishment at Harwell. In that capacity, Dr. 
Pickavance, who is forty-two, is at present in charge 
of the group within the Atomic Energy Authority 
responsible for the design and supervision of the 
construction of the new large accelerator for the 
Institute and will continue to undertake this work. 


and difficult group of spider-crabs and of the even 
more difficult Xanthidae—a family of nearly a thou- 
sand species. The body of work which he produced 
between 1910 and 1938 testifies to his industry 
and ability, and he has left a permanent mark on the 
literature of his subject. 

With the publication of the “Handbuch” in 1927 
Balss became known to a much wider public, and 
the new Bronn’s ““Tierreich’’ will greatly enhance his 
reputation. It is a larger and more comprehensive 
work and, during his enforced retirement, Balss was 
able to devote his full time to it. The part on the 
Stomatopoda appeared in 1938. He undertook the 
whole of the volume on Decapoda, ontogeny and 
physiology excepted, and the manuscript was 
finished about 1940. Seven parts, five by Balss, were 
published between 1940 and 1945; then, owing to 
difficult post-war conditions, only two parts appeared 
during the next nine years. Meanwhile, the author’s 
health was impaired by a serious illness, and these 
delays were most disappointing. The systematic 
part (12) was published last summer during his final 
illness ; he was able to bring it more or less up to 
date, especially as regards the Caridea, and it includes 
a very high proportion of the known genera, fossil 
as well as recent. It is to be hoped that the sections 
on zoogeography, paleontology and phylogeny and 
the bibliography will be published quickly, for it 
is difficult to use such a vast work without the 
index. 

A man of unassuming modesty, he found content- 
ment in his work and in his home life. His hobbies 
were music and Greek literature, and he published 
a book on “Antike Astronomie” some years ago. 
Anxiety over her husband during his last illness 
undermined her own health and Edith Balss (née 
Westphal) died two days before him. 

IsaBELLA GORDON 


d VIEWS 


He has been working at Harwell since 1946 and 
has been deputy head of the General Physics 
Division since 1955. During 1939-46 Dr. Pickavance 
worked on nuclear problems as a part-time lecturer 
at the University of Liverpool and a member of the 
‘Tube Alloys’ project. He read physics at the Univer- 
sity of Liverpool and later did postgraduate work 
there under Sir James Chadwick. 


Agriculture at Newcastle upon Tyne : 
Prof. Henry Cecil Pawson, M.B.E. 


Pror. H. C. Pawson has been elected professor 
emeritus of the University of Durham following his 
recent retirement after forty years of unstinted 
service in the School of Agriculture at King’s College, 
Newcastle. This most recent honour, together with 
his election to a personal chair in 1948, are fitting 
recognition of his valuable contributions to agri- 
cultural research and education. Prof. Pawson is one 
of the most selfless of men, and among his students 
he has created a great respect and affection because 
of his sympathy and sincerity. He is, in fact, 
the ideal senior tutor, a post he held in the School 
of Agriculture for many years. His name will 
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always be associated with Cockle Park, of which he 
has been director and where for a number of years 
he was, as a young man, personal assistant to Prof. 
Douglas Gilchrist. At present he is engaged on a 
history of Cockle Park in order to place in perspective 
the substantial contributions of Somerville, Middleton 
and Gilchrist to modern agricultural thought and 
practice. Recently he has published a book on the 
life of Robert Bakewell, of Dishley, in which is given 
@ most interesting series of letters written by Bake- 
well, towards the end of the eighteenth century, to 
George Culley, a notable Northumbrian farmer, who 
was largely responsible for the development of the 
Border Leicester breed of sheep. Prof. Pawson is 
also well known in the Methodist Church, and during 
1951-52 was vice-president of the Methodist Con- 
ference of Great Britain. 


Prof. T. W. Walker 


Pror. WALKER, professor of soil science at Canter- 
bury Agricultural College, New Zealand, follows Prof. 
Pawson. Prof. Walker graduated with first-class 
honours in chemistry from the University of London 
in 1936. He was awarded the D.I.C. and Ph.D. for 
his thesis on “The Influence of Soil Type on the 
Growth of Plants’. Afterwards, he was awarded a 
Salters Fellowship and spent two years at Rothamsted 
working on physical and chemical problems of soils. 
His research was interrupted by the War and he 
became interested in more immediate problems in 
connexion with the food production programme. In 
this he was closely associated with Dr. E. M. Crowther. 
In 1946, on the inception of the National Agricultural 
Advisory Service, he was appointed provincial 
advisory chemist for the West Midland Province, 
and he held this post until 1951, when he was 
appointed to the chair of soil chemistry in New 
Zealand. In his present post he has created an 
enviable reputation, not only for the quality of his 
research but also for the competent way he can 
interpret this work to farmers. His particular 
research interests in recent years have been ccn- 
cerned with the response of crops to minor elements, 
in particular molybdenum and sulphur. Prof. Walker 
will take up his duties at King’s College at the 
beginning of the 1958-59 session. His chair is a 
newly established one, but in fact he replaces Prof. 
H. C. Pawson. 


End of the Rocket of the First Artificial Earth 

Satellite 

Ir is reported from Moscow that observations of 
the carrier rocket of the first artificial Earth satellite 
show that about midnight on November 30 the 
orbital period of the rocket began to diminish rapidly 
and it lost height. In the early hours of December 1, 
as the rocket passed over the areas of Irkutsk, the 
Chukotka Peninsula, Alaska and the western coast 
of North America, it re-entered the denser layers of 
the Earth’s atmosphere and began to burn up. It is 
reported from the United States that the last instru- 
mental observation of the carrier rocket was made 
about midnight on November 30 as it passed over 
western Pennsylvania. The life of the rocket carrier 
as an Earth satellite from its launching on October 4 
was thus 58 days, in which time it had executed 
879 revolutions of the Earth. 


Rocket Testing Ranges 
Tue Minister of Defence, Mr. Duncan Sandys, 
announced, in reply to a question in the House of 
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Commons on December 4 regarding the Western 
Isles guided-missiles scheme, that after re-examining 
the scheme in the light of the changes in defence 
policy and as part of the campaign for economy in 
public expenditure, the Government had decided to 
provide in the Hebrides facilities for firing surface- 
to-surface rockets only. Accordingly, less land would 
be required in the Hebrides and the construction 
programme there would be greatly curtailed. Arrange- 
ments were being made to explain the position to the 
islanders. The review, while confirming the need for 
this range for surface-to-surface rockets, had shown 
that most of the necessary Service firings with air- 
to-air and surface-to-air missiles could be carried out 
at the Ministry of Supply rocket establishment at 
Aberporth and the remainder at the Army gunnery 
range at Ty Croes in Anglesey. Some additional 
instrumentation and other facilities would be required 
on these ranges, but the overall effect would be to 
reduce the capital cost of the whole scheme from 
about £20 million to about £5 million, with further 
substantial savings in running costs and in man- 
power. Of the £500,000 already spent on works, 
almost all would be required for the surface-to- 
surface rocket range. 


Creep Tests on Materials for Gas-cooled Reactors 


NEw research equipment designed to provide 
preliminary creep and stress-rupture data on metals 
and alloys in gaseous atmospheres at high tempera- 
tures and pressures has recently been installed in 
the materials research laboratory of the General 
Electric Company’s Atomic Energy Division at 
Erith, Kent. ‘Twelve creep-test units have already 
done valuable basic work in investigating the proper- 
ties of magnesium alloys, widely employed for fuel- 
element cans, in carbon dioxide atmospheres. They 
can be readily converted for future work to deal with 
other materials in other gases. This equipment has 
been installed to meet the requirement for applied 
research facilities beyond the range of normal metal- 
lurgical laboratory equipment. This requirement 
arises from the urgency of the British nuclear power 
programme, which demands that investigations be 
carried out at a much greater pace than is usually 
imposed on metallurgical development work. 


Photographic Observations at the Union Obser- 

vatory, South Africa 

Union Observatory Circular No. 116 (1957) con- 
tains seven papers, the first of which, “Photographic 
Observations of Minor Planets’, by J. A. Bruwer, 
gives the positions of 163 minor planets (mean place 
1950.0), followed by ‘Photographic Observation of 
Comets”, by the same author. The latter paper 
gives the mean places of Comet Johnson (1949 ii) 
for five dates in August and September 1956, and of 
Comet Crommelin for November 7, 1956. W. 8. 
Finsen’s paper, “Photographic Observations of Mars’’, 
contains the results of some 54,000 experimental 
exposures during the favourable oppositions of Mars in 
1939, 1954, and 1956. A selection of black and white 
enlargements of these exposures on 16-mm. colour 
film is reproduced in two plates, and colour enlarge- 
ments—both paper prints and transparencies—have 
also been made. The best results were obtained with 
the 26}-in. telescope stopped down to 13} in., using 
a Goerz telenegative lens and Kodachrome film. The 
camera was & Paillard ‘Bolex’ equipped with a beam- 
splitter or prismatic eyepiece for the visual monitoring 
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of the image. Selected frames from the best sequences 
were photographically superimposed by means of a 
special enlarger with provision for registration of 
successive frames. For black and white enlargements 
a ‘Minus Blue’ filter was used in conjunction with 
panchromatic film. 

W. H. van den Bos contributes the remaining four 
papers, the first with the title “The Orbit of Rst 33”, 
the second, ‘““The Orbit of o 47”, the third, “The 
Orbit of 8 430 =  Sgr.”, and the last, “Micrometer 
Measures of Double Stars”. The latter contains 385 
measures of 165 pairs, all taken with the 26}-in. 


refractor. 


Tropical Products Institute 

Tue first major removal from the Imperial Institute 
building in South Kensington, to make way for its 
demolition, will begin on December 9. The Colonial 
Products Laboratory will then be moving to new 
premises in Gray’s Inn Road, London. The name of 
the organization is also being changed to the Tropical 
Products Institute in anticipation of its function 
broadening again to that of assisting and advising 
territories in tropical and sub-tropical regions which 
are not necessarily colonies. The building which will 
accommodate the Tropical Products Institute was 
erected in 1955 on a bombed site opposite Gray’s 
Inn but was not originally intended for use as 
laboratories. It has, however, been adapted by the 
Ministry of Works to provide the Institute with 
44,000 sq. ft. of good, modern accommodation. Eight 
self-contained laboratories will be devoted to advisory 
and research work on the main groups of plant and 
animal products of the tropics; the staff in these 
will be responsible for answering inquiries about the 
renewable resources of the tropics which are referred 
to the organization from sources at home and over- 
seas. The laboratories together contain a quarter of 
a mile of benches, which will provide good average 
working space for the seventy-five laboratory workers 
that the Institute will have on its staff when it 
reaches full complement. Some bench space will be 
devoted to training overseas students and to other 
visiting workers. The Institute possesses a library of 
some 150,000 items, which constitutes a unique col- 
lection of information on tropical plant and animal 
products, and of the agriculture and production of 
the Commonwealth. Much general scientific, tech- 
nological and trade information is also available. 
The total staff of the Institute will eventually be 
about 150. 


Scientific Research in Schools 

A Jornt Committee of the Royal Society and the 
Science Masters’ Association has been formed to 
consider the problems confronting science masters 
and mistresses who wish to pursue research and to 
arrange for advice for specific research projects. 
The Committee consists of Sir Lindor Brown, bio- 
logical secretary of the Royal Society (chairman). 
Dr. F. P. Bowden, Sir Edward Salisbury and Dr. 
C. G. Williams (representing the Royal Society), and 
Mr. W. Ashhurst, Mr. R. H. Dyball and Mr. M. C. 
Nokes (representing the Science Masters’ Association). 
In order to initiate action the Committee has issued 
a note to teachers of science in schools and has also 
circularized the head masters and head mistresses of 
a@ number of schools in the United Kingdom; and 
eleven schools had submitted details of research 
projects and asked advice within a very short time 
after announcement. The Committee hopes to be 
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assisted in its work by Fellows of the Royal Society 
and others at universities who may be willing to 
discuss projects with those who wish to carry out 
research. This kind of contact between university 
departments which are intimately concerned with 
research work and school masters and mistresses who 
so often feel isolated from the academic world would, 
in the Committee’s opinion, be valuable. It is 
appreciated that in many schools there are neither 
facilities, nor has the science staff the opportunity or 
time, for carrying out any research; but the Com- 
mittee thinks that wherever possible encouragement 
should be given when there is a desire by a science 
master or mistress to do research, as it is believed 
that they will themselves benefit in a number of 
ways and, in consequence, their teaching and their 
pupils will be better served. 


Flow Coefficients 


DIMENSIONAL theory permeates the whole field of 
aerodynamics. It is surprising, therefore, that it has 
not been systematically applied to the familiar 
method of metering the flow through a duct by 
measuring the pressure difference created by a con- 
striction. The usual method of deducing the flow 
rate involves the application of an artificial correction 
factor (the so-called discharge coefficient) to the 
expression derived from an inadequate theoretical 
model of the flow. In a recent paper in the Journal 
of Electronics and Control (3, No. 4, 409; 1957), 
T. H. Redding, of the British Scientific Instrument 
Research Association, points out that this approach 
is unsatisfying xsthetically and can lead to serious 
misconceptions regarding the true significance of 
such a ‘correction factor’. Instead, he applies 
dimensional analysis, at some length, and arrives at 
@ more soundly based non-dimensional flow co- 
efficient which is a function of the appropriate 
non-dimensional parameters that characterize the 
system. Whether or not hydraulic engineers take 
Mr. Redding’s remarks to heart in this particular 
case, his paper demonstrates the unsatisfactory 
nature of the ‘correction coefficient’ philosophy, par- 
ticularly where the teaching of students is concerned, 
and provides a convincing instance of the great power 
of the methods of dimensional analysis. 


The Fossil Pigs of Florisbad 


A RECENT publication of the National Museum at 
Bloemfontein (Researches of the National Museum, 
Bloemfontein, 1, Pt. 10, 239 ; 1957) includes a paper 
by Mr. R. F. Ewer on the fossil suid material recovered 
from the Flovisbad deposit. A re-essessment of the 
status of Phacochoerus venteri and of Phacochoerus 
helmet is made, and it is concluded that P. venteri is 
not a valid species but is synonymous with P. 
aethiopicus. Also, that although P. helmet shows 
some characteristics which differentiate it from the 
living P. africanus, it is to be regarded as a local sub- 
species of restricted range, rather than as a distinct 
species. It therefore becomes Phacochoerus africanus 
helmet. The fauna suggests that the Florisbad 
deposits are of Upper Pleistocene age. 


Applied Morphogenesis 


In a study of growth and morphogenesis in 
Canadian forest species, G. H. Duff and N. J. Nolan 
have made observations on specific increments and 
their relation to the quantity and activity of growth 
in Pinus resinosa (Canadian J. Bot., 35, 527; 1957). 
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Two measures are needed to describe numerically the 
activity of the internodal cambium in terms of 
annual increment. These are ‘specific wood volume 
increment’, a measure of additive growth, and 
‘specific increment of cambial area’, a measure of 
multiplicative growth. The mean area of the inter- 
nodal cambium is the basis of reference for both, 
since it is the measure of that which is active in 
growth. The former measure of specific growth is 
numerically equal to ring width, and the manner of 
its factorial control has already been considered. 
Data for the latter are new. The geometry of the 
apical meristem and its products is too complex for 
the ready computation of specific terminal growth, 
but it can be shown empirically that internode 
length is a valid measure of apical activity. Analysis 
of internodal wood volume growth into its three 
linear components leads to the conclusion that the 
determinants in control of wood growth act mainly 
through their effect upon apical activity and upon 
specific increment of cambial area. 


Industrial High-Speed Photography 

THERE have been three international congresses on 
high-speed photography, held respectively in Wash- 
ington (1952), in Paris (1954) and in London (1956) 
(Nature, 178, 1440; 1956). It was felt that much 
might be gained if the many recent developments in 
techniques could be made more widely known in 
industry, and if the problems of industry could be 
brought to the attention of those working in this 
specialized field of applied physics. As a first step, 
@ conference was organized by the Scientific and 
Technical Group of the Royal Photographic Society 
in collaboration with the Department of Scientific 
and Industrial Research, and was held at the Royal 
College of Science and Technology, Glasgow, on 
June 21. It is indicative of the present wide interest 
in the subject that more than one hundred people 
attended the conference, representing many indus- 
trial firms, Government and Service departments, 
and universities. After the opening address by 
Sir David Anderson, there followed eight technical 
papers. The papers presented at the conference 
and a résumé of the discussion have recently been 
published (J. Photog. Sci., 5, No. 5; 1957), pro- 
viding a most valuable survey of industrial appli- 
cations of high-speed photography. The conference 
as a whole was an outstanding success, and the 
organizers are to be congratulated on their work. 
It is most encouraging that such wide interest has 
been shown by industries in all parts of the country 
in the application of new physical techniques to 
their problems. 


Trevelyan Scholarships 

AFTER consultation between a number of indus- 
trial companies and representatives of the Univer- 
sities of Oxford and Cambridge and of schools, the 
companies concerned are to provide financial support 
for scholarships of a new kind to enable selected boys 
to attend these universities. Dr. G. M. Trevelyan 
has agreed that the awards should bear his name. 
The Trevelyan Scholarships will be open to boys 
of British nationality, educated at schools in the 
United Kingdom, who have secured admission to one 
of the colleges at Oxford or Cambridge. Their value 
will be £450 per annum for three years, extended to 
four years in exceptional circumstances, and will not 
depend on parents’ income. Financial support from 
industrial companies is available to ensure that 
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twelve to fourteen scholarships can be awarded 
annually at each university for the initial five-year 
period of the scheme. 

The sponsors hope that these scholarships will 
encourage boys to pursue a broader range of studies 
in the sixth form without impairing their chances of 
going to a university through lack of financial sup- 
port. The selectors will therefore look for evidence 
that a candidate can both profit fully from an honours 
course and show that he has undertaken some exact,- 
ing task or project. This might be a purely intellectual 
inquiry or one involving personal observation and 
travel. A written account of this must be submitted, 
together with a report on the boy from his head- 
master. The first selections will be made in November 
1958 by a committee consisting of representatives of 
the Universities of Oxford and Cambridge and of 
industry in equal numbers under a permanent chair- 
man. A steering committee has been established, the 
members of which represent industry, schools and 
the universities concerned. The chairman is Sir 
Walter Benton Jones, and Mr. R. Peddie, of 17 West- 
bourne Road, Sheffield 10 (to whom inquiries may be 
addressed), is secretary. 


Field Studies Council 


THE Field Studies Council has completed its 
arrangements for 1958. Programmes are available of 
the courses at each of the Field Centres: Preston 
Mountford, near Shrewsbury ; Malham Tarn, near 
Settle, Yorkshire ; Juniper Hall, Dorking; Flatford 
Mill, near Colchester; Dale Fort, Haverfordwest ; 
and the Skokholm Bird Observatory, Haverfordwest. 
The Council has a small bursary fund which is avail- 
able to reduce the fees charged in individual cases of 
merit. Additional funds are also available through 
the Carnegie United Kingdom Trust to assist local 
natural history and scientific societies. Further 
information can be obtained from the Publicity 
Secretary, Field Studies Council, Ravensmead, 
Keston, Kent. 


Announcements 


Dr. K. L. SurHERLAND, an assistant chief of the 
Commonwealth Scientific and Industrial Research 
Organization Division of Industrial Chemistry and 
leader of its Physical Chemistry Section, has been 
awarded the H. G. Smith Memorial Medal. The 
Medal is awarded each year by the Royal Australian 
Chemical Institute to the member who, in the opinion 
of the Council of the Institute, has contributed most 
to the development of some branch of chemical science. 


A series of natural history lectures for junior 
audiences will be given by members of the staff of 
the British Museum (Natural History) during the 
Christmas holidays, starting on December 27, These 
lectures will be illustrated by films, lantern slides, 
specimens, etc., and are intended to provide some- 
thing of interest for boys and girls aged 10-16 
years. Further information can be obtained from 
the Museum Guide Lecturer, British Museum (Natural 
History), Cromwell Road, London, S.W.7. 


AN evening reception and reunion will be held at 
University College, London, on February 28 from 
6.30 to 9 p.m. Former undergraduates or post- 
graduates who entered the College during the years 
1934-38 are invited. Applications for tickets (which 
are limited and may have to be allocated by ballot) 
should be made to the Assistant Secretary, University 
College London, Gower Street, W.C.1. 
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COLOUR VISION 


SYMPOSIUM on the “Visual Problems of 
Colour” was held at the National Physical 
Laboratory during September 23-25. 

The opening session of the Symposium was devoted 
to a commemoration of the pioneer American worker 
on vision, Selig Hecht, who died in 1947 just after 
the Cambridge Conference on colour vision in which 
he had taken a leading part. Notable advances since 
then in our knowledge of the visual pigments were 
reviewed by Prof. G. Wald (Harvard)—a former 
student and collaborator of Hecht’s—in his “Selig 
Hecht Lecture’’ entitled ‘‘Retinal Chemistry and the 
Physiology of Vision’. Wald’s conception of the 
visual pigments as a class of conjugated proteins has 
in recent years developed in two major directions, 
and, thanks to the work of W. A. H. Rushton (Cam- 
bridge), a frustration which has bothered workers on 
human colour vision for a long time has now in great 
part been removed. To deal first with the latter 
development, it has been proved by a completely 
objective method—an elaboration of the method of 
fundus examination with an ophthalmoscop3—that 
photosensitive and bleachable pigments are in fact 
present in the foveal retina of the eye of living man. 
In his paper Rushton described first determinations 
of the absorption difference spectra and the action 
spectra of two such pigments, and the progress made 
towards identifying them with the ‘pigments’ inferred 
from psychophysical studies on normal and colour- 
defective subjects. The spectral curves of Rushton’s 
two pigments have maxima at about 540 and 590 my 
respectively. The still more difficult problem of 
finding by the direct, physical method a possible 
pigment with its spectral maximum in the blue— 
which trichromatic ideas would suggest—remains 
outstanding. Only the 540 pigment was observable 
in the foveas of colour-defectives (dichromats) of the 
protanopic type, and the shape of the spectral curve 
of this pigment agreed well with the relative luminous 
efficiency curve of such subjects measured by the 
psychophysical method. In normals and in dichro- 
mats of the deuteranopic type, the same 540 pigment 
is present and, in addition, the 590 pigment, but in 
the deuteranope as compared with the normal the 
proportion of 590 to 540 pigment is greater, by a 
factor of about 2. This is striking direct evidence in 
favour of Fick’s hypothesis that in deuteranopes both 
the ‘red’ and ‘green’ fundamental ‘processes’ (inde- 
pendent spectral sensitivities) of the normal eye are 
present—if in different relative amounts—and that 
the colour defect springs from their association 
together or ‘fusion’ so that they function as a single 
process. On the other hand, the explanation of 
protanopia as the simple lack of one fundamental 
process is confirmed by Rushton’s results. The first 
steps towards exploiting the method to give informa- 
tion on the quantities of the pigments, their photo- 
sensitivities and the kinetics of their bleaching and 
regeneration have already been taken, and promise 
much. It should be added that the work on the 
fovea was preceded by similar observations on the 
extrafoveal retina, showing the presence there of the 
pigment of scotopic rod vision with properties con- 
forming closely with those already known by other 
methods. 

The increasing number of visual pigments for which 
there is evidence from studies of retinal extracts or 


intact retine was emphasized by R. A. Morton and 
G. A. J. Pitt (Liverpool). They note that some ten 
pigments, all based on retinene, as the chromophone 
group but occurring in different animals, have wave- 
lengths of maximal absorption, Amax., distributed over 
the range 478-524 my, and conclude that the 
classification of the protein constituents of the 
pigments, the opsins, into scotopsins and photopsins, 
with the members in each group having very nearly 
the same properties, may need revision. In his lecture 
Wald put the position in the following way. Of the 
several known stereo-isomeric forms of retinene,, only 
one, the 1ll-cis or neo-b isomer, combines with the 
opsins to give the visual pigments actually occurring. 
A second isomer, the 9-czs or iso-a form, will combine 
with the opsins in vitro to give the so-called iso- 
pigments, but these appear not to be used in actual 
eyes. Thus it must be differences in the opsins 
which account for variations in the Amax. of the 
naturally occurring retinene, pigments. Denton and 
Warren’s discovery that certain deep-sea fish have 
visual pigments with @ Amax. at about 480 mu, 
coupled with very recent observations on other 
species of fish by Wald (see Nature, Nov. 9, 1957, 
p- 969), make it appear that the properties of fish 
opsins, defined say by the Amax. of the corresponding 
pigment, show a gradation with the depth at which 
the fish are normally found, from Amax. = 500 my 
approx. for surface fish to Amax. = 480 my approx. 
for deep-sea (200 fathom) fish. The opsins here 
concerned are classed as scotopsins, but the photop- 
sins may well show a similar wide spread of properties 
and (Morton and Pitt) this may have implications 
for the pigments of colour vision. In human vision, 
the much greater rate of dark-adaptation of the 
photopic compared with the scotopic mechanism is 
paralleled by the more rapid regeneration, after 
bleaching, of the cone pigments (Rushton’s observa- 
tions), and this difference has in turn a correspondence 
with the different rates of synthesis in vitro of the 
photopic and scotopic pigments of the chicken 
(iodopsin and rhodopsin) from retinene, and photopsin 
and scotopsin respectively. Wald emphasized, how- 
ever, that rate of synthesis does not necessarily 
distinguish photopsins and scotopsins. For example, 
alligator and frog visual pigments are rhodopsins, 
both having @ Amax, at nearly 500 my, but their 
synthesis-rates differ widely. For the former, syn- 
thesis occurs with the high speed expected from 
photopic pigments, and the dark-adaptation of the 
alligator, tested physiologically, is correspondingly 
rapid. 

The second major dev»lopment of Wald’s concep- 
tion of the visual pigme..t is the stereo-isomerism of 
the chromaphore and its implications. In her 
discussion of the mode of attachment of the chroma- 
phore to the opsin, Ruth Hubbard (Harvard) took 
as starting point Morton and Pitt’s suggestion that 
a specific amino group of the opsin condenses with 
the aldehyde group of retinene (1 or 2) to give a 
Schiff base, which then, by addition of a hydrogen 
ion, is converted to the conjugate acid. The opsin 
surface near the amino group is assumed to be so 
shaped that only the two retinene isomers—vneo-b 
and iso-a—which in fact combine with opsin can 
conform geometrically to this surface and be linked 
with it by secondary valency bonds along the retinene 
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side-chain so as to stabilize the conjugate acid in a 
non-acid environment and prevent its ultimate 
hydrolysis into opsin and retinene. At the same time, 
the secondary bonds reduce the lowest excitation 
energy of the conjugate acid to a value corresponding 
to the observed Amax, of the pigment. Hubbard 
assumes that the first result of light absorption is the 
isomerization of the chromaphore to the all-trans 
form which no longer ‘fits’ the protein surface. With 
the rupture of the secondary bonds, stabilization is 
lost, hydrolysis ensues and the final result is separation 
of opsin and retinene. For the exceptional case of 
squid rhodopsin (Amax. = 493 my) which in neutral or 
slightly acid solution is not bleached by light but is 
changed to an allied pigment, acid metarhodopsin, 
with Amax. = 500 my, Hubbard’s explanation is that 
light absorption results as before in isomerization of 
the chromaphore to the all-trans form, but that the 
surface of this particular opsin conforms sufficiently 
closely to the shapes of either neo-b or all-trans 
isomers for both to be retained in combination with 
the opsin. Some difficulties were raised on the 
assumed effect of the secondary linkages on the 
excitation energy, but the further working out of this 
theory will be of great interest. The situation of the 
products of bleaching of visual pigments also arose 
in the paper by E. J. Denton (Marine Biology Station, 
Plymouth), who had studied the absorption of 
polarized light of different wave-lengths incident along 
or across the end-organs of intact animal retin, 
before and after bleaching. He found, among other 
things, a persistent (but not unchanging) orientation 
of the bleached ‘chromaphore’ groups lasting for 
about one hour. In the discussion, the suggestion 
that this implied a continuing attachment of the 
bleached chromaphore group to the opsin was not 
supported. 

The bleaching kinetics of the visual pigments of 
four species of fish were found by H. J. A. Dartnall 
(Medical Research Council) to follow a similar course 
to those of frog rhodopsin, and, using the absolute 
spectral photosensitivity curve for the latter pigment 
obtained by Schneider, Goodeve and Lythgoe in 
1939, the corresponding curves for the four fish 
species were derived. One conclusion from these 
results was that the quantum efficiency of bleaching 
is independent of wave-length in the range studied 
(440-580 my), just as for frog rhodopsin. 

In two review papers, G. 8. Brindley (Cambridge) 
and K. O. Donner (Helsinki) considered the bearing 
on colour vision of the latest work on the electro- 
retinogram and the spike discharges from retinal 
elements. New work on frog retine by a micro- 
electrode method indicated that the slow (tenths of 
second) variations of potential difference across the 
retina recorded in the normal electroretinogram are 
generated in a single layer o° the retina from “‘struc- 
tures which penetrate the ext rnal limiting membrane, 
almost certainly the rods and cones”. For the human 
electroretinogram, a distinction between slower 
responses attributable to the scotopic (rod) mechanism 
and faster ones attributable to the photopic (cone) 
mechanism is well established, but the efforts made 
to distinguish different photopic mechanisms of 
colour vision—mainly by studies of electroretinogram 
spectral sensitivity curves—have not led to unam- 
biguous results and are not very promising. Since 
the electroretinogram is, on the whole, a simple sum- 
mation of responses from all parts of the large retinal 
area illuminated, the study of colour discrimination 
of a small area such as the fovea, in isolation, is likely 
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to be defeated by the smallness of the signal obtained. 
By contrast, the thresholds for spike discharges of 
individual retinal units obtained by the microelectrode 
method have led to Granit’s familiar dominator and 
modulator spectral sensitivity curves, which may well 
contain much of the colour-vision story. Donner 
showed that once we leave the scotopic dominator 
curve which electro-physiological, photochemical and 
psychophysical methods all show to be a fundamental 
non-composite spectral sensitivity, we have to 
question whether any recorded curve is not a resultant 
of several fundamental sensitivities arising perhaps 
from mixtures of different visual pigments in the 
same end-organs or from neural elaboration of the 
responses from end-organs containing different pig- 
ments. For bird retine, distortion of the curves by 
oil-drop colour filters in the cones is a further com- 
plication. Various methods must be applied to 
analyse recorded spectral sensitivity curves, and 
among recent procedures Donner described the two- 
colour threshold technique, and the use, as an 
indicator property, of the different directional 
sensitivities of rods and cones. Donner concludes 
that the broad, photopic dominator curve is produced 
exclusively by cone end-organs, but that it is probably 
@ composite of more than one fundamental spectral 
sensitivity. The narrow modulator curves he attri- 
butes essentially to the effects of neural interaction 
which modify the responses of receptors with broader 
spectral sensitivity curves, comparable with the 
scotopic dominator. But he also suggests that the 
appearance of a modulator curve in a particular 
spectral region probably means that there is in action 
a receptor with a broad sensitivity curve peaking at 
that place. 

The psychophysical papers showed a recrudescence 
of interest in the laws and representative data of 
trichromatic colour-matching and _ heterochromatic 
brightness-matching. Extensive measurements of the 
colour-mixture functions for a 10° field (Stiles and 
Burch, National Physical Laboratory, and N. I. 
Speranskaya, Moscow) have provided a possible basis 
for a new standard colorimetric eye appropriate to 
large-field colour-matching, and preliminary ‘field 
trials’ of the new data were discussed by D. B. 
Judd (National Bureau of Standards, Washington). 
Some small deviations from the additivity law for 
complete colour-matching were observed in the basic 
measurements. If appreciable deviations do occur, 
any selected set of colour-mixture curves must be a 
compromise, and for practical applications this should 
be one that works best for commonly occurring 
stimuli of continuous energy distributions, rather 
than for the mixtures of two or three monochromatic 
components normally used in measuring colour- 
mixture functions. G. W. Wyszecki (National 
Research Council, Canada) described a preliminary 
attack on the formidable problem of a direct determ- 
ination of ‘best compromise’ functions from colour- 
matches on 115 accurately specified filter colours, and 
the solution by an electronic computer of an elaborate 
set of simultaneous equations in 32 three-component 
unknowns. In a contribution on the breakdown of 
the additivity law in direct-comparison hetero- 
chromatic brightness-matching, which is quite :dis- 
tinct from the additivity law in complete colour- 
matching, S. G. Yurov (Moscow) emphasized that it 
is the approach to additivity rather than the defect 
from additivity which is difficult to explain. However, 
in heterochromatic brightness-matching by the flicker 
method, additivity is certainly nearly true for a small 
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matching field. H. G. Sperling (U.S. Naval Medical 
Research Laboratory, New London) examined the 
assumption of standard colour theory that the relative 
luminous efficiency function V, is a linear combination 
of the colour-mixture functions, measured for the 
same subjects. Using the flicker method for determ- 
ining V, he found the assumption substantially true 
for wave-lengths greater than about 520 my, but below 
that wave-length discrepancies of the order of 15 per 
cent appeared. 

N. T. Fedorov (Leningrad) reported rather similar 
discrepancies. While the practical repercussions of 
these blemishes on the ideal linear and additive 
svstem of colorimetry may be slight, their causes are 
of considerable interest in visual theory. For a large 
matching field, some of the observed small break- 
down in additivity (high intensities) is attributable 
to the intrusion of rod vision. Such effects may be 
expected to increase if the matching field is centred 
not on the fovea but on an extra-foveal point. M.M. 
Bongard, M. S. Smirnov and L. Friedrich (Moscow), 
working on extra-foveal colour-matching, 10° out 
from the fovea, by the method of successive instead 
of juxtaposed presentation of stimuli, conclude that 
colour-vision there is essentially four-dimensional, 
not three-dimensional, the fourth fundamental spec- 
tral sensitivity being that of the rod mechanism. 
Matches made using four primaries were stable under 
variations of field intensity and adaptation while 
the approximate matches obtainable with three 
primaries were not. 

The matching of colours produced by stimuli 
applied to different retinal areas, in the same or in 
opposite eyes, which are in different states of colour 
adaptation has been actively studied in recent years, 
the case when only foveal (rod-free) areas are used 
being of particular importance. New measurements 
by E. N. Yustova (Moscow) of the colour changes as 
the foveal retina adapts to the stimulus colour itself 
showed the very large effects produced. In an 
attempt to explain a large class of these phenomena, 
D. L. MacAdam (Eastman Kodak Research Labora- 
tory) was led in 1955 to postulate the operation of up 
to six independent spectral sensitivities in foveal 
vision. A new analysis by R. W. G. Hunt (Kodak 
Research Laboratory) showed that three may still 
suffice if signals in the optic nerve are not linearly 
related to the photochemical absorptions in the end- 
organs and if the non-linearity depends in a suitable 
way on the colour-adaptation of the retinal area. In 
his contribution to this symposium, NV acAdam 
adopted a point of view close to Hunt’s and with the 
aid of some specific hypotheses, which seem to involve 
the transmission of the arithmetic differences of the 
responses (non-linear) of different receptors, he was 
able to explain his original results on colour- 
a as well as some other psychophysical 
data. 

Several contributors stressed the importance for 
colour perception of the time during which the 
retina is exposed to a particular pattern of stimulation 
(C. D. Farnsworth, U.S. Naval Medical Research 
Laboratory). ‘The extreme situation is reached when, 
by suitable optical devices, the displacements of a 
retinal image produced by involuntary eye movements 
are nullified. R. W. Ditchburn (Reading), sum- 
marizing progress in this type of experiment, showed 
that a desaturation of hues—in some circumstances 
complete—may occur when stabilization of the retinal 
image is not sufficiently perfect to bring about 
complete loss of form vision. 
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Although only two papers dealt with questions of 
noise and quantum fluctuations in retinal response, 
the lively discussion provoked by the views and 
calculations of H. Barlow (Cambridge) on the intrinsic 
noise in cone mechanisms showed the continuing 
interest in this subject. 

Brief commentaries on the essentials of all colour 
theories (Y. LeGrand, Paris) and on subjective colour 
measurement (W. D. Wright, Imperial College) 
provided a suitable introduction to the more detailed 
contributions reviewed above. The proceedings— 
papers and discussions—will be published shortly by 
H.M. Stationery Office. W. S. Strzes 


SAFETY IN THE CHEMICAL 
INDUSTRY 


SYMPOSIUM on “Safety in the Chemical 

Industry”’’, arranged by the London Section of 
the Society of Chemical Industry, was held during 
October 14-15 at the Royal Institution. The chemi- 
cal industry covers an enormously wide field of 
activity, and safety within it bears a direct relationship 
to manufacturing and handling, to safe transport and 
further handling by those who formulate and process 
the products of the primary producer. 

In opening the symposium, Sir George Barnett, 
H.M. chief inspector of factories, dealt with the 
frequency rate of accidents in the chemical industry 
and mentioned that the figure for the chemical 
industry as a whole is 1-43 per 100,000 man-hours 
worked, as compared with 1-73 for the whole of 
industry. He also pointed out that a number of 
the larger chemical firms had frequency rates which 
were far better than the overall picture for the whole 
of the chemical industry. 

He said that there were certain apparent dangers 
associated with the chemical industry, in the manu- 
facture of poisonous substances, in the use of high- 
pressure vessels, in dealing with new reagents and 
intermediate substances and the instability of a large 
number of chemical substances, and in the continual 
exploration of the field in which new reagents and 
new catalysts are being used. Sir George laid parti- 
cular emphasis on the importance of chemical design 
in relation to the health of the process worker and 
the maintenance worker and also stressed the point 
that technical knowledge and ability, foresight and 
imagination are necessary in planning and design. 
Within recent years, much chemical plant had, in 
his view wisely, been housed in the open air, and he 
pointed out the advantages of remote control in the 
operation of many chemical plants. 

The discipline of safety in the chemical industry 
is perhaps at least as far developed as in any other 
industry in Great Britain, and this discipline is 
reflected in the frequency rates of accidents. Safety, 
per se, may be divorced from the actual day-to-day 
training of engineers, chemists and physicists within 
the chemical industry, but mention was made of a 
special course which is now being started at the 
Imperial College of Science, where the general 
principles of safety will be taught. 

With the rapid expansion of the chemical industry 
since the War, the problems of plant design, erection 
and start-up have become of major importance. The 
significance of dealing with materials of high toxicity 
was stressed by Mr. K. M. Curwen in his talk on the 
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erection of a plant to produce new organo-phosphorus 
insecticides. He very properly emphasized the 
problems dealing with the flow sheet stage and 
mentioned, as did other speakers, the importance of 
considering flow sheets in relation to the more modern 
developments, and the erection of small-scale models 
so that all who are concerned with safety can study 
the processes as they concern the workers who 
eventually work on the plant, and the facilities which 
are given to them and to the maintenance staff 
during periods of overhaul and replacement. 

Mr. T. Wardle and Mr. B. A. Weston, of the Ministry 
of Supply, talked of the precautions which are neces- 
sary in dealing with explosives and the significance 
of the Explosives Act in what might be termed ‘good 
management’. Their paper described the effects of 
blast, flame, radiant heat, crater formation and the 
effect of flying missiles in relation to the behaviour 
of explosives. They mentioned the importance of 
design in the building and lay-out of factories in 
order to prevent the propagation of explosions, and 
stressed the importance of the plant manager or 
the head of the establishment in relation to safety. 
They pointed out that safety officers exercise a 
functional control in advising on necessary safety 
precautions. 

They laid down certain definite safety principles 
with regard to the handling, cleanliness and care 
necessary with different classes of explosives—all 
related to the Explosives Act—and mentioned the 
need for the most careful investigation into the 
causes of accidents in the manufacture and use of 
explosive substances. 

Safety in the use of electricity in the chemical 
industry was dealt with most adequately by Mr. 
S. J. Emerson, H.M. senior electrical inspector 
of factories. Mr. Emerson spoke of the statutory 
regulations and the dangers of electric shock, burns, 
fire and eye flash. He demonstrated many of the 
types of electrical equipment, including flame-proof 
equipment, and stressed the value of new plastics as 
insulators of electrical apparatus. He mentioned in 
particular the use of polyvinyl chloride and polythene 
as being, in the light of present knowledge, ideal 
insulators, even if metallic sheathing is used for 
cable covering. 

He discussed the alternatives to flame-proof 
equipment and stressed the nature of intrinsically 
safe circuits and safe apparatus. He also dealt with 
the detection of static electricity, its prevention and 
the problems of circuit protection, and emphasized 
the importance of safe earthing in relation to safety 
in the chemical industry—particularly where explo- 
sives and solvents are manufactured or used. 

The contemporary problems of the construction of 
chemical plant were dealt with by Mr. G. G. Lanham, 
who had been associated with the construction of 
such plant to the value of more than £45 million. It is 
well known that the hazards involved in construction 
are among the greatest in the country, and Mr. Lan- 
ham’s lecture was illustrated by a series of slides 
showing that, in spite of the doubling of the con- 
tractors’ employees, the frequency rate of accidents 
had been constantly reduced over a period of 
construction lasting 5 years. 

Mr. Lanham emphasized the importance of design 
and of seeking the advice of all who are ‘concerned 
from the design stage, including the safety officer 
and the construction engineer. The three main 


causes of accidents are falls of persons, falling objects 
and handling materials. Almost a third of the serious 
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happened in falls from heights. He illustrated the 
need for bigger and better cranes to erect bigger and 
better pieces of equipment and mentioned that on 
his particular site 14,000 tons of steel had been 
erected in 1956 with only one serious accident. Hoe 
paid tribute to the Safety, Health and Welfare 
Regulations of 1948, which have done much to 
diminish the serious accidents in the erection of 
chemical plant. 

Mr. Lanham also mentioned the use of scale- 
models in design and during the stages of con- 
struction, as the information which these can give 
is of the greatest value. 

In the final analysis, safety in the chemical industry 
—as perhaps in every other industry—must depend 
on the positive and active support of top management, 
and this support should be reflected at all levels of 
supervision down to the key personnel who are 
responsible for plant operation. This was stressed 
most effectively by Mr. 8. E. Chaloner, who defined 
the responsibility of the plant manager and the safety 
officer, the foreman and those responsible for dealing 
with the day-to-day hazards encountered in the 
chemical industry. He rightly emphasized the 
importance of entry into tanks and confined spaces, 
and of opening pipe lines—a hazard which is too 
often overlooked—and the necessity for providing 
adequate protective clothing for hands, faces, eyes 
and feet. In common with other speakers, he dealt 
with the problem of fire hazards and fire prevention, 
particularly in dealing with inflammable solvents. 

The chemical industry cannot operate safely 
without a completely integrated team on each plant, 
and this was very rightly stressed by Mr. Chaloner 
in dealing with the question of plant operation and 
maintenance. He emphasized the significance of 
talks being given to new entrants into the chemical 
industry by all who are concerned with safety and 
mentioned the close liaison which is necessary between 
the production manager, the safety officer, the main- 
tenance staff and, indeed, the universities who train 
graduates in science and who could do well to run 
even a brief course of training in the aspects of safety 
in relation to future careers. 

During the discussion on this paper, the importance 
was stressed of colour coding for pipes, to ensure that 
everyone concerned was aware of what any pipeline 
was conveying. 

Mr. D. A. Yonge dealt with the difficult problem 
of safety in plant operation and maintenance in the 
petroleum refining industry. He mentioned the basic 
factors of safe operation in design, in training and 
in inspection. The petroleum industry presents 
particular hazards both from the point of view of 
toxicity, and of fire risk and explosion. He empha- 
sized the significance of taking adequate precautions 
in repair work, particularly when mo: n*ve to enter 
confined spaces, and outlined the procedure for 
cleaning and freeing plant of gas, and bringing it 
into a suitable state for maintenance and repair. 
He outlined the ‘permits to work’ system, which 
must obviously be an important part of management 
in relation to work in the chemical industry. Apart 
from the necessity of permits to work, the problems 
of using flame-free tools was raised, and these are 
obviously of prime necessity in the petroleum industry. 

Mr. A. Webster, of the Ministry of Supply, dealt 
with the problems of safety in the transport and 
storage of chemicals and mentioned the dangers 
which might be encountered in the handling of toxic 
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materials by inexperienced people. He stressed the 
importance of correct labelling, a matter which has 
received particular attention from the Association of 
British Chemical Manufacturers, and he brought out 
particularly the importance of drivers being instructed 
as to the method of dealing with any particular 
problem, when transporting materials by road. 

Mr. Webster discussed the question of storage of 
chemicals in tanks and emphasized the need for 
generous tank space where possible and of having 
spare tanks available for the transfer of liquids. 
He was against the storage of liquids of a dangerous 
nature in overhead tanks, and felt that those who 
have to store dangerous materials would be well 
advised to discuss their problems with the local fire 
services, who might at any time be called in to deal 
with serious fire or explosion hazards. 

Mr. J. Eyers gave a most illuminating history of 
engineering inspection since the 1850’s. He mentioned 
the activities of various organizations covering the 
risks of explosion and break-down of engineering 
plant, together with the perils connected with 
transport and erection of plant and loss following 
break-down. Mr. Eyers illustrated this lecture with 
a large number of lantern slides and outlined the 
philosophy of engineering inspection during the last 
century. He pointed out the increasing use of 
pressure vessels designed to operate at high tem- 
peratures and mentioned the new materials which 
have come to play so great a part in the changing 
conditions of modern industry. 

He devoted considerable time to the use of X-rays 
and gamma-rays, together with flaw detection equip- 
ment in plant examination, and analysed the problems 
of surveying nuclear reactor vessels. 

As did other speakers, he stressed the importance 
of breakdowns and explosions which were due to 
simple faults in design and operation and pointed out 
that these could be avoided if more thought were 
given to the early stages of plant design. 

Dr. A. J. Amor dealt with the medical aspects of 
safety in the chemical industry and the need for 
careful toxicological assessment of the nature of new 
substances to be manufactured. He emphasized that 
only by biological experiment could the toxicological 
properties of any chemical substance be determined, 
and that such experiments would in the main give 
some sound idea of the dangers which would be 
inherent in the manufacture so far as human beings 
were concerned. He stressed the significance of 
toxicological research, plant design and layout, 
education, discipline and training, and all methods of 
detection and analysis—particularly in view of the 
problems of environmental control upon which safety 
in the chemical industry really depended. Discipline 
in working in the chemical industry was very 
important. 

He stated that, as the health of workers in the 
industry was of prime consideration, it was right and 
proper that the doctor in industry should have at his 
disposal all the special diagnostic facilities which 
enable him to maintain a constant control on the 
health of people engaged in the manufacturing 
processes. Tho plant manager and his staff, the 
safety officer and the doctor, all have their part 
to play in protecting the health of chemical 
workers. 

Mr. R. J. Sherwood discussed the problem of 
manufacture and handling of radioactive substances 
and described their unique toxic properties. A 
comparison of the methods employed in the manu- 
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facture and use of radioactive substances could be 
made to the strict discipline of the operating theatre, 
where the nature of the biological hazards was 
similar to that of radiation hazards in being unseen 
but yet dangerous. 

Mr. Sherwood mentioned the readiness with which 
sources from outside the body could be calculated 
and measured and the need for protection in terms 
of protective clothing, discipline in terms of laboratory 
and other work and the strict necessity for correct 
labelling and safe transport. 


SCHOOL NATURAL HISTORY 
SOCIETIES EXHIBITION 


LARGE crowd of schoolchildren and their 

teachers gathered in the Lecture Hall at the 
British Museum (Natural History) on October 12 for 
the Ninth Annual Exhibition of the Association of 
School Natural History Societies. The main item on 
the programme, apart from the Exhibition itself, 
was a lecture on “Dinosaurs”, given by Dr. W. E. 
Swinton. The younger members of the audience, for 
whom the term dinosaurs previously had little precise 
meaning, soon learned from the lucid explanations 
given by Dr. Swinton the variety of extinct reptiles 
of this type. His account of our present knowledge 
of the subject was followed by extracts from films in 
which, by animated models, the living appearance 
of the reptiles was realistically simulated. But the 
audience was reminded by Dr. Swinton’s com- 
mentary that the scenes occasionally departed from 
modern ideas on the behaviour of the reptiles. 

As in previous years, the Lecture Hall was well 
stocked with displays by member schools. There 
was on display a wide variety of common and not- 
so-common living animals and plants, locusts, liver- 
worts, eyed lizards, lepidopteran larve and pupz 
and pond life in profusion. There were also the 
careful and detailed accounts of ecological studies—a 
rookery survey by Bishop’s Stortford College, a 
variety of bird records by Felsted School, an account 
of the distribution of Plewrococcus on tree-trunks by 
the William Grimshaw School, London, surveys of 
Hilbre Island (Buxton College), Alderney (Ackworth 
School), the Loughborough district (Limehurst 
Natural History Society, Garendon School) and Stoke 
Woods, Exeter (Hele’s School, Exeter). 

Foreign natural history, too, was well represented 
this year. The Hertfordshire and Essex High School 
for Girls, Bishop’s Stortford, had a live praying 
mantis from Israei. Felsted School displayed Nigerian 
insects, and from Breeks Memorial School, Ootaca- 
mund, India, came an unsolved geological puzzle. 
In the beds of streams on the Nilgiri plateau are 
found pebbles of fossilized coral, yet there are no 
sedimentary rocks in the vicinity. 

There was ample evidence of work in the laboratory 
as well as in the field. Lord Wandsworth College, 
Basingstoke, had compared wing area and body- 
weight of related species of flying and flightless water 
beetles. Bishop’s Stortford College demonstrated an 
elegant apparatus for measuring the respiration-rate 
of cryptozoic fauna. Respired oxygen was replaced 
by electrolysis of a copper sulphate solution, the 
amount of oxygen absorbed by the animal being 
determined by daily weighings of the copper-plated 
cathode. Plant-breeding experiments on the inherit- 
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ance of flower colour in Mirabilis jalapa (belle-de- 
nuit) were illustrated by Glyn Grammar School, 
Cheam. Work in the kitchen was demonstrated by 
a keen mycophagist, who had prepared a range of 
dishes from locally collected specimens. No one was 
invited to, and no one attempted to, taste the 
delicacies. 

As usual, there were supporting exhibits of speci- 
mens, charts, publications and photographs by guest 
contributors. This year the guests were the Amateur 
Entomologists’ Association, the Botanical Society of 
the British Isles, the British Naturalists’ Association, 
the Children’s Centre of the British Museum (Natural 
History), the International Union for the Con- 
servation of Nature, the Nature Conservancy and the 
Universities Federation for Animal. Welfare. 

O. N. BisHop 


DEW 


HETHER dew rises or falls has long been 

disputed : observations, recently described by 
Dr. J. L. Monteith (Quart. J. Roy. Meteor. Soc., 83, 
322 ; 1957 have now been made which show that it 
can form in either way depending, roughly, on whether 
the air is calm or not. 

The amount of dew formed on various kinds of 
surface has been measured by numerous workers. 
The difference in Dr. Monteith’s work is that he 
measured the evaporation from, and condensation on, 
a block of turf-covered soil by continuous weighing. 
The formation of dew on turf adjacent to the block 
was observed by lightly brushing it with the back 
of the hand, and the weight of dew, when it was 
sufficient for measurement, was obtained by absorbing 
it on filter paper and weighing immediately against 
dry paper. 

In the day the grass remained dry and the balance 
showed a loss of weight owing to evaporation. If 
temperature fell rapidly after dark the balance 
showed a continuing loss of weight for about an hour, 
even though moisture was visibly forming on the 
grass. Two states were found to occur during nights 
in which a measurable amount of water condensed 
on the grass: (a) one in which the rate of increase 
of weight of the block of soil was at least an order of 
magnitude less than the weight of condensed water ; 
and (6) one in which the increase in weight of the soil 
was of the same order of magnitude as the weight of 
condensed water on the grass. 

The first state, in which the downward transfer 
of water vapour from the air above must have been 
very small and the water evaporating from the soil 
all condensed on the leaves, was associated with a 
wind of less than 0-5 m./sec. at 2m. above the ground. 
The second state was associated with slightly stronger 
winds, the weight of condensed water reaching a 
maximum with a wind of 2-3 m./sec. at the 2 m. level. 
With stronger winds, dew formation became less 
because cooling of the grass was reduced by the heat 
transferred downwards by turbulence being more 
nearly equal to the rate of loss of heat by radiation. 
The first state is termed by Monteith ‘distillation’ 
and the second ‘dewfall’. The rates of condensation 
varied in each type according to circumstances, but 
were of the same order of magnitude, ranging from 
0:6 to 2-7 mgm. cm.-* hr.-!. The air within the 
grass-cover remained unsaturated during these states, 
with relative humidities of the order of 91-95 per 
The leaves were about 1° C. colder than the 
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surrounding air. If the air in the grass-cover became 
saturated, fog always formed. Themaximum amount 
of dewfall measured during a night was 12 mgm. 
cm.~*, and it is estimated that there are only some 
twenty nights a year at any one place in Britain at 
which it reaches 10 mgm. cm.-* and that the annual 
amount does not exceed 1/5 in. In warmer climates 
dewfall can be greater. 

The paper gives a quantitative study of the whole 
phenomenon, including the temperature, humidity, 
and variations in surface-heat balance. The varia- 
tions in heat-balance confirm that the condensation 
of moisture on the grass on very calm nights repre- 
sents a transfer of latent heat from soil to grass and 
not from the air to the grass. 


LONG ASHTON RESEARCH 
STATION 


REPORT FOR 1956 


HE annual report of the Agricultural and Horti- 

cultural Research Station for 1956 (pp. 180 +- 
11 plates. University of Bristol, 1957) summarizes 
another year of steady progress in research. The 
Pomology and Plant Breeding Section records that 
three families of blackcurrant seedlings raised in 1947, 
with the object of producing late-maturing varieties 
with high ascorbic acid content, fruited for the first 
time in 1956. Some had ascorbic acid contents of 
250 mgm./100 gm. The blackcurrant breeding pro- 
gramme has been enriched by further additions of 
Ribes species, which now number more than one 
hundred. Research on the application of growth 
substances to fruit thinning has been continued. 
Striking differences in growth and leaf nutrient status 
of young apple trees were found in the cover-crop 
trial. Compared with clean cultivation, the cover- 
crop markedly depressed tree vigour and leaf-nitrogen 
status. Satisfactory seasonal control of lime-induced 
chlorosis of pears was obtained by sub-soil injection 
of 20 gm. iron per tree as iron-hydroxyethylethylene- 
diaminetriacetic acid, or by foliar sprays of this 
chelate at 0-1 per cent concentration. Preliminary 
experiments were also made with some new iron 
chelates. The Entomology Section has continued 
investigations into the study of the fundamental 
effects produced by the incorporation of surface- 
active agents as spray supplements and the results 
indicate that phytotoxicity varies considerably with 
both the chemical structure of the wetting agent and 
the nature of the leaf surface. The most important 
factor appears to be the complex formed between 
the surface-active ions and the long carbon-chain 
alcohols present in leaf waxes. The development of 
spray machinery has continued with special reference 
to the requirements of certain tropical crops. A new 
list of cider apple varieties recommended for planting 
has been prepared jointly by the National Agri- 
cultural Advisory Service and the Station Orcharding 
Committee and is printed in the report. This list, 
which supersedes that published in 1948, is divided 
into varieties which are recommended and_ those 
which may be useful for special purposes. The latter 
group includes varieties which have some disadvan- 
tages but also some outstanding qualities. Suitable 
pollinators are also listed which will be of assistance 
in planning new orchards by modern methods. 
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ENHANCEMENT OF VITAMIN B,, ABSORPTION BY SUBSTANCES 
OTHER THAN INTRINSIC FACTOR 


By SAMUEL M. GREENBERG, JOHN F. HERNDON, EDWARD G. RICE, EDWIN T. PARMELEE, 
JOHN J. GULESICH and EDWARD J. VAN LOON 


Research and Development Division, Smith, Kline and French Laboratories, Philadelphia |, Pennsylvania 


ITAMIN B,, absorption has been assumed. to be 

limited by the level of intrinsic factor present in 
a test animal!; however, with massive doses, dif- 
fusion through the intestine has been observed to 
occur*. Recently, a preparation*, free of intrinsic 
factor, was observed to increase the absorption of 
vitamin B,, in healthy young and old humans*®. In 
our laboratories a similar enhancement of vitamin B ,, 
absorption was observed when this preparation was 
administered to either normal or B,,-deficient rats. 
A formulation (modified ‘Liptril’), similar to the 
commercial preparation in all respects except that 
vitamin B,, was omitted, was prepared for the 
vitamin B,, absorption studies in rats. A 15 per cent 
alcohol-water solution served as a control. Vitamin 
B,. was added at equal levels to the two basal 
solutions for single daily oral intubations of the rats. 
The solutions were administered five times weekly 
for approximately two weeks to animals fed and 
given tap water ad libitum throughout the test period. 
‘Twenty-four hours after the last dose was admunis- 
tered, blood samples were obtained from each rat by 
cardiac puncture. Serum B,, levels, which were 
determined microbiologically*, are presented in 
Table 1. 


SERUM B,, LEVELS 24 HR. AFTER THE FINAL DOSE OF 
MULTIPLE ORAL VITAMIN B,, ADMINISTRATIONS 


Table 1. 




















~ 
| No. Bus Days | Serum By 
Group Vehicle* of dosage adminis- levelst 
| No. rats | ugm./day tered vegm./ml, 
| Stock rats 
1 15 per cent 
alcohol-water 6 2°5 10 303 +16 
2 Modified 
| ‘Liptril’ 6 2°5 10 391+17 
| B,,-deficient rats 
3 15 per cent 
alcohol—water 8 1-0 9 153414 
4 Modified 
‘Liptril’ 7 1-0 9 277420 




















* Modified ‘Liptril’ (B,,. omitted). 
j Includes standard error of the mean; group 2 versus 1, P < 0-01; 
group 4 versus 3, P < 0-001; calculated by Student ‘t’ test. 


The first experiment indicated that rats could be 
used as test animals for the identification of the 
active ingredient in the preparation under study. In 
order to simplify the study, the Schilling test for 
measuring vitamin B,, absorption in humans® was 
adapted to the rat. The method, as modified, con- 
sisted of administering per os 0-54 ml. of water con- 
taining 1:36 ugm. (0-031 microcuries) radioactive 
cobalt-60 B,, combined with 2-16 ml. of test sample 
to fasted, intact stock rats. One hour after the oral 

*‘Liptril’, commercial product, Smith, Kline and French Labor- 
atories, Philadelphia 1, Pennsylvania, containing 15 per cent alcohol, 
166-8 wgm. vitamin B,./100 ml. and the following (gm./100 ml.): 
betaine, 14; choline citrate, 3; inositol,3; riboflavin, 0-012; yri- 
doxine hydrochloride, 0°04; nicotinamide, 0-14; ferric pyrophosphate, 


0:70; caffeine citrate, 1-296; D-sorbitol, 28; plus preservatives, 
colours and flavours, 


dose of radioactive B,, a flushing dose of 100 ugm. 
‘cold’ B,, was administered intramuscularly. Urine 
samples were collected over a 24-hr. period, digested 
with nitric acid and concentrated for measurement of 
radioactivity in a deep well scintillation counter. 
The fraction of the oral dose of cobalt-60 B,, found 
in the urine sample was considered as the percentage 
of B,, absorbed. A systematic analysis of ‘Liptril’ 
was made, using the described modified Schilling test, 
to determine the active component, or components, 
responsible for the enhancement of vitamin By, 
absorption. D-Sorbitol was found to be the active 
agent. 

The kidneys of rats have been observed to store a 
higher percentage of radioactivity after an oral dose 
of cobalt-60 B,, than does any other tissue*. Kidney 
storage-levels of cobalt-60 B,, were therefore used in 
our study as a second index of B,, absorption. In 
this experiment, intact fasted stock rats were orally 
administered 1-4 ugm. (0-037 microcuries) of cobalt-60 
vitamin B,, in 0-54 ml. of water with 2-16 ml. of 
the test solution on two consecutive days. The 
kidneys from the exsanguinated rats were removed 
48 hr. after the second dose of test solutions. The 
kidneys were solubilized and radioactivity was read 
in a deep well scintillation counter. 

The results of oth the modified Schilling test and 
the tissue storage level test are presented in Table 2. 
In both tests, the 28 per cent p-sorbitol solution 
caused a significant increase in vitamin B,, absorp- 
tion in the normal, intact stock rat. 

After finding that b-sorbitol would enhance 
vitamin B,, absorption, we tested a number of other 
carbohydrates for this property. We have found 
that only certain of the carbohydrates tested had the 
ability to enhance B,, absorption ; namely, D-man- 
nitol, L-sorbose and p-xylose. Carbohydrates that 
failed to enhance B,, absorption included sucrose, 
D-galactose, D-glucose, D-fructose and D-mannose. 

Latner’ has noted that the intrinsic factor is a 
mucoprotein or a mucopolypeptide containing a high 
percentage of such carbohydrates as hexosamine, 
fucose, galactose and other reducing sugars. Our 
findings suggest that the carbohydrate portion of the 











Table 2. RADIOACTIVE VITAMIN B,, ABSORPTION MEASURED BY 

MODIFIED SCHILLING AND TISSUE LEVEL TECHNIQUES 

Per cent oral dose of 
cobalt-60 Bys* 

No. Exp. 1 Exp. 2 

Group| of Vehicle for Schilling Tissue 

No. rats cobalt-60 Bis test storage level 

(per cent (per cent 

excreted in stored in 

urine) kidneys) 
1 8 | 28 percent D-sorbitol | 70406 | — 
2 8 Water 22403 — 

3 7 28 per cent D-sorbitol — 6340-7 

4 7 Water — 22406 




















* Relative absorption values including standard error of the mean, 
In the Schilling test P < 0-001 ; in the tissue-level test P < 0-01. 
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intrinsic factor may play the major part in effecting 
B,, absorption. Assuming that the active carbo- 
hydrates and the intrinsic factor are activating 
similar absorption mechanisms in the gut, these 
carbohydrates should make excellent tools for 
investigating the B,, absorption mechanism. 

With the facts that are now available, it is felt that 
at least two theories of the mechanism of action of 
D-sorbitol and of the other active carbohydrates in 
promoting vitamin B,, absorption are possible: (1) 
the formation of B,,.-carbohydrate complex with 
the resulting protection of the vitamin from more 
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rigid binding with other substances, or (2) the 
stimulation of an absorption mechanism in the 
gastrointestinal tract. 


1 Castle, W. B., and Townsend, W. C., Amer. J. Med. Sci., 178, 764 
(1929). 

* Pitney, W. R., and Beard, M. F., J. Clin. Nutr., 2, 89 (1954). 

3 Chow, B. F., Horonick, A., and Okuda, K., Amer. J. Clin. Nutr., 4, 
434 (1956). 

* Boger, W. P., Wright, L. D., Strickland, 8. C., Gylfe, J. S., and 
Ciminera, J. L., Proc. Soc. Exp. Biol. Med., 89, 375 (1955). 

5 Schilling, R. F., J. Lab. Clin. Med., 42, 860 (1953). 

* Rosenblum, C., Chow, B. F., Condon, G. P., and Yamamoto, R. S., 
J. Biol. Chem., 198, 915 (1952). 

* Latner, A. L., Biochem. Soc. Symposia, 18, 69 (1955). 


AN EXPERIMENT ON ‘TELEPATHY’ USING TELEVISION 
By DONALD MICHIE 


Royal Veterinary College, University of London 
AND 
D. J. WEST 


Society for Psychical Research, London 


HREE variants of perception without the aid 

of the known senses are commonly distinguished : 
‘clairvoyance’ (extra-sensory perception of unwit- 
nessed events), ‘telepathy’ (extra-sensory perception 
of events witnessed by a human agent) and ‘precogni- 
tion’ (extra-sensory perception of future events, either 
in a context of clairvoyance or of telepathy). 
Although claims concerning these were considered by 
the majority of the contributors to a recent sym- 
posium! to deserve serious attention, they are still 
viewed with suspicion, the three main reasons being : 
(1) a phenomenon is claimed for which no one has yet 
suggested a convincing material basis ; (2) such claims 
have traditionally been the preserve of superstition 
and crankery ; (3) the phenomena elicited under ex- 
perimental conditions are usually of small absolute 
magnitude, however long the statistical odds may be 
made by the sheer weight of the number of trials 
conducted in a given experiment; moreover, the 
conditions under which they can be reliably and 
consistently repeated have yet to be found. 

In our opinion the first two reasons may be dis- 
missed out of hand, for they could equally have been 
urged against many newly discovered phenomena 
which were later shown to be both real and important, 
for example, hypnosis. The third reason is a weighty 
and serious one. We ourselves are inclined to put it 
even more strongly: so long as extra-sensory per- 
ception remains a ‘marginal’ phenomenon it will 
matter little whether it is real or not. For even if it 
is real, experimentation along traditional lines is 
unlikely to lead to a causal analysis, and hence to 
control, of the phenomenon. 

Faced with a similar impasse, investigators in other 
fields have found success along two main lines of 
attack, namely, selection of material on the basis of 
preliminary tests, and transformation of unselected 
material by special treatments. The stage hypnotist 
bases his success on his ability to pick from a large 
audience a few hyper-suggestible individuals; the 


psychiatrist can render almost any individual hyper- 
suggestible with the aid of the appropriate drugs. 
The development of broadcasting, in particular of 
television, cffers an opportunity of applying the 
method of selection or ‘screening’ on a mass scale. 
We have made a small-scale trial with the object of 


testing any generalized extra-sensory perception 
effect and looking for individuals with strongly 
manifested telepathic abilities who could then be 
made the subject of further experimental investiga- 
tion. The results, of which a detailed account has 
been published elsewhere’, are summarized below. 

The ‘screening’ experiment was carried out on the 
evening of April 19, 1956, during a programme 
produced by Science Television, Ltd. After a brief 
explanatory discussion, one of us (D. J. W.) introduced 
to the audience the ‘agent’, Mr. G. W. Fisk, who was 
to retire from view and look at a series of 20 picture 
cards, keeping time with a signal given at 5-sec. 
intervals. The viewers were informed that the cards 
would be drawn at random from a pack consisting 
of three types, depicting a canoe, a wheelbarrow and 
a trumpet respectively. They were asked to record 
their guesses on a form printed in the TV Times and 
post it to the programme contractors. 

1,367 completed records were received, transferred 
to punch cards and mechanically sorted. The pooled 
results showed no significant deviation from chance 
expectation. But one entry, submitted by a Mr. B. 
Downey, with 15 guesses correct out of 19 (the first 
card was a ‘dummy’) was considered sufficiently 
suggestive to justify further tests. 

Apart from two runs each of 25 guesses with a 
‘Zener’ pack, the results of which were negative, the 
further tests were conducted with a pack of 12 clock 
cards*. Each card showed a clock face with a single 
hand pointing to one of the 12 hours. The expected 
average divergence of guess from target is thus 3, 
with a minimum of zero and a maximum of 6. 

These tests occupied a period of several months 
and comprised 239 guesses. In some tests the agent 
was in the same room as Mr. Downey in his home in 
Burton-on-Trent. In others the agent was in London 
and the percipient was in Burton-on-Trent. In 13 
tests G. W. Fisk, and in 15 tests D. J. W., acted as 
agent. The identity of the agent in the ‘distance 
tests’ was always known to the percipient. The tests 
were eventually terminated because of the increasing 
apathy of Mr. Downey, who felt that no results of 
interest were accruing. 

Analysis of the results by one of us (D. M.) showed 
no significant difference with either agent between 
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‘distance’ and ‘same-room’ tests. But there was a 
highly significant difference (P < 10-*) between 
agents. The 132 guesses made with D. J. W. had 
an average divergence of 3-09 (P > 0-5). But the 
107 made with Fisk (who had been the agent in the 
original ‘screening’ experiment) averaged 2-21 (P < 
10-5). This rate of scoring is comparable in magni- 
tude with the effects reported by other workers in 
tests with specially gifted subjects‘. It was main- 
tained when the distance tests were viewed in isola- 
tion, and these were sufficiently numerous to be 
significant in their own right at the 1 per cent prob- 
ability-level. This is in agreement with earlier work, 
and suggests that the emission of information by the 
agent is not like the emission of unbeamed radio or 
light signals, which fall off in intensity in proportion 
to the square of the distance. 

The effect was in part due to an increased frequency 
of ‘direct hits’ (zero divergence), and in part to ‘near 
misses’ (that is, greater frequency of small than of 
large divergences between target and guess). This 
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result adds another item to the list of phenomena 
which telepathy apparently does not resemble: it is 
not like the performance of a man trying to read a 
series of symbols in a completely dark room inter- 
mittently illuminated by a good light, unless he 
deliberately adulterates his direct hits with near 
misses. It is more like that of a man trying to read 
in a half-light on the margin of visibility. 

Provided that the good faith of Mr. Fisk and 
ourselves, all of whom at some stage had access to 
the records, is accepted, the results suggest that 
television broadcasts can be used for picking out 
exceptional individuals whose extra-sensory percep- 
tion is sufficiently strong to make causal analysis 
feasible. It also seems that potential agents as well 
as percipients should be ‘screened’. 


eee Symposium on Extrasensory Perception (London, 
vol . 
* Michie, D., and West, D. J., J. Soc. Psych. Res., 39, 113 (1957). 
3 Fisk, G. W., and Mitchell, A. M. J., J. Soc. Psych. Res., 37, 1 (1953). 
‘ Soal, S. G., and Bateman, F., “Modern Experiments in Telepathy” 
(Faber, 1956). 


NOISE AND THE VISUAL THRESHOLD 


HERE have been two interesting recent attempts 

to treat the visual threshold as a problem of 
discriminating a signal from a noisy background!-. 
It is known from neurophysiological studies’ that 
there is a variable resting discharge in the com- 
pletely unstimulated eye. This ‘retinal noise’, 
together with any noise that may be added more 
centrally, forms the ‘dark noise’ which, on this 
theory, limits the sensitivity of the eye at absolute 
threshold. If there were no dark noise, there would 
be no reason why a single absorbed quantum of light 
should not be seen; if, however, the threshold of 
vision were set as low as this in the presence of dark 
noise, there would be a ‘false-alarm rate’, since the 
threshold criterion would be exceeded by the dark 
noise in the absence of external stimulation: thus 
the greater the variability of the resting discharge, 
the higher must the threshold be set to keep the false- 
alarm rate low. It is therefore important to know 
what is the average value and, more especially, the 
variability of the resting discharge. 

The mean and variance of the resting discharge of 
single fibres can be obtained from direct electro- 
physiological studies. It would, however, be difficult 
to relate these figures to psychophysical thresholds 
and it would be useful to obtain estimates of the 
properties of the resting discharge from the psycho- 
physical experiments themselves. Barlow’? has 
tried to estimate simultaneously the variance of the 
resting discharge and the number of quanta necessary 
for vision from the shape of the frequency of seeing 
curve. His method is very ingenious but is also, 
unfortunately, rather insensitive and he was unable 
to estimate either of these quantities with any 
precision. 

It is therefore very interesting that Gregory** has 
attempted to tackle this problem in another way. 
He has found that in differential threshold experi- 
ments, Weber’s law : 


AI/I=C (1) 


where C is a constant, does not hold exactly, but 
that when IJ is not too small, a much better fit is 
obtained by the relationship : 


Al/(I+k)=C (2) 
where k is about 0-03 ft. lambert. In order to explain 
this, he supposes that r, the mean. neural impulse-rate 
(using this term in a loose sense) corresponding to 
incident light of intensity J, is proportional to 
log(I +k). He also supposes that “‘the brain demands 
@ constant fixed difference between impulse-rates 
arising from the comparison fields to make an inten- 
sity discrimination to a given fixed criterion”. The 
difference between the mean neural impulse-rates is 
proportional to log(Z + AI +k) —log(J +), which when 
Z is not too small is approximately AI/(I+k) (this 
can be shown by expansion in a Taylor series). 
Setting this equal to a constant, the observed relation- 
ship (2) is obtained. 

This explanation of the empirical relationship (2) 
is the same as Fechner’s explanation of Weber’s 
law (1), except that r is supposed to be proportional 
to log(I+k) rather than log J. It seems to us, 
however, that Gregory attaches a significance to the 
actual value of the constant k which it does not 
possess. For he says that “‘it is tempting to regard k 
as arising from the internal noise present in the 
system”, and again that ““We are tempted to regard 
this constant as arising from the mean internal noise 
in the system’’. The meaning of this statement is 
not very clear, but he seems to be arguing that, since 
r is proportional to log(I +k), then setting I=0, k is 
the equivalent, in light units, of the mean resting 
discharge. This interpretation of k is, however, 
incorrect, since equation (2) can be derived from any 
relationship of the form : 


r=a+b log(I +k) (3) 


where a and b are any constants; for the constant a 
drops out when the difference between the two 
impulse-rates is taken. Gregory’s interpretation of 
k rests on the implicit assumption that a=0, which 
there is no reason to suppose true. 

A further criticism of Gregory’s model is that he 
does not consider the variance of r. In any treatment 
of the threshold as a signal to noise discrimination, 
the variance of the response is obviously far more 
important than the mean. It might be possible to 
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interpret the slope of the regression of AJ on I in 
connexion with the variance in the same way as the 
Weber fraction, AI/I, can be interpreted when the 
line passes through the origin. 

M. G. BuLMER 


Department of Social and Preventive 
Medicine, University of Manchester. 


C. I. Howarru 


Institute of Experimental Psychology, 
University of Oxford. 
1 Barlow, H. B., J. Opt. Soc. Amer., 46, 634 (1956). 
* Barlow, H. B., Nature, 179, 255 (1957). 
* Gregory, R. L., and Cane, V., Nature, 176, 1272 (1955). 
‘Gregory, R. L., “Third Symposium on Information Theory’’, 287, 
edit. Cherry, C. (London, 1956). 
5 Granit, R., “Receptors and Sensory Perception”, 81 (Yale, 1955). 


WE are inclined to agree with the model 3 proposed 
by Bulmer and Howarth, at least as an approxima- 
tion, though we feel that to be useful it requires 
further interpretation. At the British Association 
meeting in 1956 (Section I) we put forward the 
following : 

r=n +6 log(al +) 
{[H(q) =m, H(e) =k, var y=", var ¢ =o*] 


where r is the neural pulse-rate, J is the incident light 
intensity, of which a proportion, al, is effective. It 
appears that nerve impulse-rate is an approximate 
logarithmic function of light intensity (we include 
the constant b since we do not know the logarithmic 
base). It seems to us important to distinguish 
between the addition of noise to the system before 
and after the logarithmic transform. We distinguish 
between ‘retinal noise’ (¢) which will include quantum 
fluctuation, and ‘neural noise’ (yn) which will be 
variation in the impulse-rate due to random factors 
added after the logarithmic transform. We have 
introduced rather a large number of constants, some 
of which may not be easy to determine, because we 
do not want to limit our thinking to noise of 
retinal or ‘quantal’ origin. On general grounds we 
should expect noise throughout the nervous system, 
and we should like to be allowed to consider its 
effect. We may consider some implications of this 
model. The pulse-rate when I increases to I + AI is 


O64 4 
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r+Ar=n'+6 log(aI+aAI+e’)(n’,c’ from the same 
distribution as y,¢) and 


Ar=n’—7 +6 log(al +aAl +’) —b log(alI +e) 


The distribution of Ar has a mean of approximately 
6 log{1l+(aAIjaI +k)}, that is, Ali + Piet. if J is 
not too small, and a variance V equal to 


b%a? b2a2 
(I+Al+kja)? + (@+kya) 


If we take this distribution as roughly normal, and 
assume that a difference is reported by the subject 
when Ar>c (c being constant for a given subject in 
a given experiment), the value of AI which is recog- 
nized as different 50 per cent of the time is given by : 


bAI 
I+kla 
Similarly, the 2} and 97} per cent values of AI will 
be given respectively by : 


A... ey ee ee Tae. 
I+kja *7% me Tihs 


The standard deviation of the frequency-of-seeing 
curve will thus be approximately : 


1 2c? 1/2 
es (I +k/a) [24 Thar] 


and will increase with I. 


Considering retinal noise, we assume this to be 
spontaneous breakdown of photochemical molecules, 
and the effect of the quantum fluctuation of light. At 
low intensities the receptors may be regarded as 
quantum counters, and the count as Poisson. At 
high intensities—and it is with these we are primarily 
interested—the receptors could not be expected to 
count individual quanta. Further, the probability 
of an individual receptor being stimulated is no longer 
small and the Poisson approximation cannot hold. 
The relation between o and I could be found by 
considering the standard deviations of frequency-of- 
seeing curves obtained for differential thresholds 
using large J. 

Equation A fits our results provided J is not too 
small. Not only will the approximations no longer 
hold for small J, but also the rod system of the 
retina which then becomes functional may be expected 

to have different constants. From such 

equations, retinal noise-levels may be 

70’s estimated in terms of an equivalent ex- 

ternal stimulus, k/a being given by the 
oe intercept on the J-axis. 

To estimate neural noise is more 

; #’s difficult. An indirect method which 
.— 30's may indicate a change in its value is 
---* 20'S the following. We take C as a fixed 
difference in pulse-rates, as in our pre- 
vious communication, the difference be- 
ing set by the number of acceptable 
false-positives. In the absence of an 
external stimulus there will be sporadic 
pulses, the count-rate increasing with 





2c? + 


=c; that is, AI =—>-(I +k/a) 


—2/V =C 


\*:\e 
= 
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Fig. 1. Relation between AJ and J, fitted by the method of least aw yd “ 
(12 subjects aged 20-30, 11 aged 30-40, 7 aged 4 


6 aged 
White light was used, the intensity units being foot-lamberts. The back- 
ground field (J) subtended 15°, the test field (AJ + I) subtended 5°. The 
used. Similar results have 
obtained with a frequency method, employing flashes for AJ 


various age-groups. 


adjustment method of o taining thresholds was 


increase in m or k, Thus the slope of Al 
against J will increase with any increase 
in noise. On general grounds, it seemed 
likely that older people might havea higher 
noise-level in their nervous system. We 
have undertaken a series of auditory and 
visual discrimination experiments to in- 
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vestigate this possibility. We find that, for vision, 
slope of the line AJ against J increases with age, 
whereas there is no consistent change in the intercept. 
Some of our results are given in Fig. 1. This suggests 
that neural noise (m) increases with age, whereas re- 
tinal noise (k) does not. It is interesting to consider 
functional losses associated with ageing as due in part 
to increase in neural noise. This may be supposed to 
affect memory storage and recall mechanisms (pro- 
ducing errors or delay) and also motor control, pro- 
ducing tremor and increase in decision or reaction time. 

This at least is a crude and inadequate model; in 
particular, it takes no account of the level of adapta- 
tion of the eye. 

We wish to acknowledge help given, at various 
times, by members of the Nuffield Unit for Research 
on Ageing, particularly Dr. J. Szafran, and also by 
R. T. Leslie, E. R. F. W. Crossman, A. Kendon and 
Miss J. Wallace, who is in receipt of a grant from the 
Medical Research Council, which has also made us 
a grant for apparatus. 
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Bors Bulmer and Howarth and Cane and Gregory 
accept the logarithmic relation between impulse 
frequency (r) and light intensity (J) expressed in the 
formula r=n+6 log(aI+¢) (a, 6, constants; 7, «, 
random variables representing neural and retinal 
noise), but it does not appear to be generally true in 
the vertebrate retina. Hartline’ showed that it was 
approximately true for the compound eye of Limulus, 
and also, under more restricted conditions, in the 
frog*. These results were avidly absorbed by 
psychologists, because they fitted so well the logarith- 
mic relation between sensation-level and stimulus 
intensity which Fechner derived by integration of the 
Weber law ; but the maintained discharge of 
retinal ganglion cells in the cat does not show any 
such simple relation’, and FitzHugh’s results‘ suggest 
an almost linear relation between the number of extra 
impulses evoked and the quantity of light delivered 
in near-threshold flashes superimposed on a steady 
background. There may be other types of ganglion 
cell, not readily isolated by present techniques, which 
behave in a different way, but it seems rash to use the 
logarithmic relation in formulating a theory of visual 
noise. 

There are two further criticisms of the formulation 
which Cane and Gregory now put forward. First, 
it fails to recognize that the variance of ¢ (the retinal 
noise which, they say, includes quantum fluctuations) 
must increase when J is increased. Second, so many 
hypothetical quantities (m, k,n, ¢, c, a, b, and V) are 
introduced that it would be a formidable, or impos- 
sible, task to evaluate them experimentally. The 
complications introduced by considering a second 
source of noise do not seem justified until facts are 
found which cannot be explained by a simpler theory. 

These difficulties can be avoided if one does not 
express noise as variance of impulse frequency. 
There are other possible units of measurement which 
can be defined as precisely, which are more easily 
derived from measurements of visual performance, 
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and which may be more simply related to the cause 
of noise. In one of the papers’ which Bulmer and 
Howarth discuss, the natural unit arising from the 
method is the average number (x) of random inde- 
pendent events (such as the spontaneous activation 
of a rod) which are liable to be confused with the 
absorption of a quantum of light: the maximum 
value of x was shown to be related to the number of 
quanta absorbed from threshold flashes and to the 
slope of frequency-of-seeing curves. Recently Rush- 
ton® estimated that 1/10 of the quanta (507 my) 
incident at the pupil are absorbed in the rods ; using 
this figure, and previous results on absolute threshold, 
the method shows that x cannot exceed 10. 

One might hope to compare this figure with esti- 
mates of noise obtained by different methods, and 
this can be done, though the comparison is not at all 
exact. If plausible assumptions are made’ about 
the area and time within which stimulus and noise 
events are liable to be confused, one can calculate 
the intensity of a steady light which would lead to 
the absorption of 10 quanta, on the average, in such 
an area and time. This light would send about 
1,000 quanta/sec. deg. into the eye, and it can 
be looked upon as a ‘dark light’ which causes noise 
at the absolute threshold. It should have the same 
value as the Augenschwarz of Fechner*, the Higenlicht 
of Helmholtz*®, and Gregory and Cane’s'® k, or k/a. 
It is, in fact, lower than any of them, but measure- 
ments of the difference threshold similar to those 
upon which the above quantities were based have 
been made’>!! under conditions where rods alone are 
active, and these yield values for the dark light which 
fall in the range 200-3,000 quanta (507 muy)/sec. 
deg.? entering the eye. It can also be shown 
that the mean and the variance of frequency of the - 
maintained discharge of ganglion cells of the cat’s 
retina are probably compatible with such a dark 
light, though, as Bulmer and Howarth point out, 
there are difficulties in relating the two. 

These three otherwise unrelated results could all 
be explained by a dark light of the order of magni- 
tude of 1,000 quanta (507 muy)/sec. deg.*, and this 
approximate agreement provides some experimental 
justification for the concept of retinal noise. Further- 
more, if a large part of it is caused by thermal decom- 
position of photosensitive pigments, one can relate 
the higher dark light and reduced sensitivity of cones 
to the shift to the red of their spectral sensitivity 
curves!*, Thus the difficulties raised by Bulmer and 
Howarth, and the complexity which Gregory and 
Cane’s formulation requires, are avoided if visual 
noise is measured as dark light, not as variance of 
impulse frequency. There will, however, be plenty 
of room for argument until the source, or sources, of 
visual noise are known with greater certainty. 

H. B. Bartow 

King’s College, Cambridge. 

1 Hartline, H. K., J. Cell. Comp. Physiol., 1, 277 (1932). 
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for opinions expressed by their correspondents. 
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Occurrence of the Meta-stable Omega 
Phase in Zirconium Alloys 


TRANSFORMATION of the retained $-phase in certain 
titanium alloys has been shown to involve a meta- 
stable phase, designated; ». A similar mode of 
transformation has been reported for zirconium- 
niobium and zirconium—molybdenum alloys (Mio- 
downik, A. P., and Eliasz, W., unpublished work, 
1955, and ref. 2). 

An extensive survey of the occurrence of the 
«-phase in zirconium alloys is being carried out in 
these laboratories. The results to date indicate the 
eccurrence of the w-phase in the following alloys : 
zirconium-50 at. per cent titanium, zirconium— 
7 at. per cent vanadium, zirconium-13 at. per cent 
vanadium, zirconium-4-5 at. per cent chromium, 
and zirconium-10 at. per cent niobium. All the 
samples were either water- or argon-quenched from 
the single-phase $-region. The intensities of the 
X-ray diffractions have been noted to change with 
ageing time, indicating progressive transformation at 
the two ageing temperatures studied, namely, 
300° C. and 400° C. 

The present results are consistent with the hexa- 
gonal crystal structure of the precipitate first 
reported by Silcock et al.* for the titanium—vanadium 
system. However, the ‘ideal’ axial ratio of 0-613 has 
not been observed. All 8 quenched alloys after ageing 
3—4 hr. give a value of c/a equal to 0-622+0-002. It 
is therefore not possible to.interpret the lattice in 
zirconium alloys as cubic with three times the 
8-lattice parameter. 

This work forms part of an investigation sponsored 
by the Atomic Energy Research Establishment, 
Harwell, and thanks are due to the Director for 
permission to publish this communication. 

B. A. Hatr 
J. A. RoBERTS 
G. I. Writ1ams 
Fulmer Research Institute, 
Stoke Poges, Bucks. 
Sept. 23. 
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Some Properties of Chromium deposited 
from an Electrolyte containing Fluoride 


Ir is well established that high-purity chromium 
can be produced by electrolysing an aqueous solution 
of chromic acid containing a small sulphate addition, 
and that a significant factor governing the purity of 
such material is the temperature of the electrolyte’. 
Oxygen and nitrogen contents of 0-02 and 0 001 
weight per cent respectively or better can be attained 
provided the bath temperature is high, that is, in the 
vicinity of 80° C. Under optimum conditions the 
metallic impurity is extremely low. 

A considerable disadvantage of this process from 
certain points of view is the low current efficiency 
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(6-12 per cent) resulting from the high operating 
temperature. One method of overcoming this defi- 
ciency is to replace the sulphate radical in the bath 
by fluoride as the active anion catalyst. Thus an 
aqueous solution containing 300 gm./l. chromic acid 
(CrO,) and 5-25 gm./l. fluoride (F), electrolysed at 
100-103° C. using a current density of 800 amp./ft.?, 
deposited chromium at a current efficiency of 40—45 
per cent for l1-hr. runs in a small-scale apparatus and 
at 33-35 per cent in somewhat larger equipment. 
The reason for these greatly improved current 
efficiencies is not clear. 

Oxygen and nitrogen contents of ‘fluoride’ chrom- 
ium (0-02-0-05 and 0-002-0-003 weight per cent 
respectively) deposited under optimum conditions 
were not greatly different from those of ‘sulphate’ 
material. Pick-up of tin to the extent of 0-005 per 
cent from the 7 per cent tin—lead anode used and of 
silicon to the extent of 0-036 per cent by etching of 
the glass container by hydrofluoric acid, occurred in 
a 7-hr. run. The latter result emphasizes one of the 
difficulties inherent in the ‘fluoride’ process, namely, 
the choice of materials to contain the reactive elec- 
trolyte. For large-scale application, and to minimize 
pick-up of silicon, it would probably be necessary to 
replace glass vessels by a suitable plastic. The other 
major difficulty encountered was the necessity to fit 
the cell with reflux condensers to minimize evapora- 
tion losses from the boiling electrolyte. 

It was found that ‘fluoride’ chromium could be 
arc-cast, extruded, swaged and rolled without diffi- 
culty using a similar schedule to that already reported 
for ‘sulphate’ material?*. This being so, it was 
possible to compare the properties of wrought and of 
recrystallized samples of each material. Ductile/ 
brittle transition temperatures obtained in slow, 
three-point bending are presented in Table 1. 


Table 1, TRANSITION TEMPERATURES OF ‘SULPHATE’ AND ‘FLUORIDE’ 











OMIUM 
Composition Transition temperature 
(weight per cent) (° C.) 
Material 
Oxygen | Nitrogen | As rolled | Recrystallized 
‘Sulphate’ — 0-002 —60 380 
chromium 0-012 0-001 — 195 
‘Fluoride’ 
ehromium 0-025 0-002 —87 121 























Thus the transition temperature of ‘fluoride’ 
chromium is lower than that of ‘sulphate’ chromium 
in the wrought, and particularly in the recrystallized, 
condition. This applies even though the nitrogen 
content, which has been found previously to have a 
profound effect on transition temperature’, is higher 
for the ‘fluoride’ chromium than for one of the 
‘sulphate’ samples. It is possible that this improved 
ductility results from an action of the silicon present 
in modifying the detrimental nitrogen effect, which 
it is believed may arise either by the formation of 
Cottrell atmospheres around dislocations or by 
precipitation in dislocation lines following atmosphere 
formation*. It is to be expected that such modifica- 
tion by ‘nitride-formers’ would be more pronounced 
in recrystallized than in wrought material since 
high-temperature annealing would provide oppor- 
tunity for ‘nitride-formers’ to develop their max- 
imum effect. Nevertheless, even in recrystallized 
‘fluoride’ specimens strength is dependent on tem- 
perature, and yield points were detected at tempera- 
tures where the material becomes deformed plastically. 
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This indicates that Cottrell locking effects had not 
been eliminated. 

As a complementary ductility evaluation, a room- 
temperature tensile test was made on a specimen 
machined from a swaged rod of ‘fluoride’ chromium 
having a gauge diameter of 0-115 in. and a gauge 
length of 4,/A(A = cross-sectional area). Ductility 
figures of 57 per cent elongation and 55 per cent 
reduction in area were obtained, which compare 
favourably with values of approximately 40 per cent 
elongation and 50 per cent reduction in area achieved 
on a specimen of similar size and condition prepared 
from ‘sulphate’ chromium. 

This communication is published by permission of 
the Chief Scientist, Department of Supply, Melbourne, 


Australia. 
N. E. Ryan 
F. HENDERSON 
8. T. M. JoHNsToNnE 
H. L. Warn 
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Aeronautical Research Laboratories, 
Department of Supply, 
Melbourne. 
Oct. 21. 
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Corrosion as affected by a Zone of Metal 
emerging from the Corrosive 


Ir is well known that ‘water-line’ corrosion is 
caused, and salt-spray corrosion is facilitated, by the 
easy access of oxygen to the metal through the 
three-phase boundary between the metal, the elec- 
trolyte and the atmosphere. The experiments 
described below give some insight into the mechanism 
of the arrival of oxygen at such menisci and its 
electro-dissolution. 

When a metal is partly submerged in an electrolyte, 
which may or may not wet the metal, the surface 
may be regarded as consisting of four distinct zones : 
(A) The completely submerged area not immediately 
adjacent to the water line. (B) A narrow band just 
below the water line. Oxygen reaches this area by 
dissolving near the meniscus and diffusing along a 
short path of electrolyte, and at this position it can 
be cathodically reduced. (C) A band just above the 
water line. It is the object of this communication 
to show that this area can play an important part in 
supplying zone B with oxygen. (D) The area above 
C, which is of no interest, since it plays no part in 
the corrosion reactions. 

If the metal is corrodible, A, or sometimes the 
uppermost part of A only!, becomes an anode, and is 
attacked, while B (and obviously C and D) remain 
unaffected, though B and C participate in the 
mechanism. When the atmosphere above the elec- 
trolyte is air, zone C is narrow, and its action is not 
easily separable from that of B, but in an atmosphere 
which is more tenuous in oxygen than is air C can 
spread out to regions far above the meniscus. 

The part played by the various zones can be 
simply demonstrated by coupling a strip of relatively 
inert metal (such as platinum, silver, nickel, stainless 
steel, or titanium) as cathode with a large area of a 
moderately base metal (such as lead, cadmium or 
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iron) as anode in an electrolyte (potassium hydroxide, 
sodium chloride). The base metal must not evolve 
hydrogen. The anode and cathode are connected 
through a current-measuring system of low resistance. 
So long as the cathode is completely submerged in 
the stagnant solution (case A) the galvanic current 
measured, 74, is largely controlled by the rate at 
which oxygen diffuses from the bulk of the solution 
towards the cathode. It is therefore little dependent 
on the nature of the cathode material. If the level 
of the electrolyte is now lowered until the upper edge 
of the cathode almost emerges, a zone B is created, 
and a rise of current, to 74 + tg, is observed. If the 
meniscus is further lowered by 1-2 mm., so that the 
upper edge of the cathode begins to emerge, the 
current rises very steeply tot4 + ig + %¢. The ratio 
ic/t4 depends on the nature of the cathode material 
and electrolyte: it is much larger for platinum or 
silver than for stainless steel or titanium. Under an 
air atmosphere a further move downwards of the 
meniscus does not increase the total galvanic current ; 
the portion ¢4 actually becomes smaller as the area 
A diminishes. 

Under an atmosphere of nitrogen, but with oxygen 
still dissolved in the solution, 7% = 0, while t,4 
decreases linearly as the water line descends. If the 
electrolyte is de-aerated and the atmosphere contains 
only small portions of oxygen, 14 =0 but ie is 
relatively large, and the width of band C is found to 
be much wider than under air. Fig. 1 illustrates this 
difference: the cathode used was a sheet of bright 
silver bent into a cylinder 3 cm. high and 6 cm. in 
circumference, giving @ meniscus 12 cm. long. The 
anode was metallic cadmium electrodeposited into 
porous nickel, and the electrolyte was de-aerated 
5 N potassium hydroxide. The galvanic current was 
recorded as potential drop across a 100-ohm. load: 
the liquid level was lowered at the rate of 1 mm./min. 
In this system, if air is the atmosphere (Fig. la) 
zone C is 2-3 mm. wide. (The total rise of current 
takes place over a band 4 mm. in height, but the 
point at which the upper edge of the silver cylinder 
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Fig. 1. Rate of corrosion as affected by the emerging part of the 
metal in the system: Atmosphere/silver, 12-cm. water line/6 ¥ 
potassium hydroxide, de-aerated/active cadmium/100-chm load 
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cuts the surface of the solution may actually lie 
1-2 mm. to the right of the origin.) Under an 
atmosphere of nitrogen containing only 0-1 per cent 
oxygen (Fig. 1b) zone C spreads over about 20 mm., 
and at higher dilution of oxygen (Fig. Ic) it extends 
much farther. 

The curves do not depend on the rate at which the 
meniscus is lowered, and the change may be effected 
in steps. A very thin film of ‘Vaseline’, sufficient to 
make the silver surface repellent to the caustic 
solution, does not suppress the effect of the emerging 
area. 

Curves similar to Fig. 1 were obtained also with 
the system nickel/potassium hydroxide/lead. In a 
neutral or acid system, for example, stainless steel 
(18 per cent Cr, 8 per cent Ni, 1 per cent Nb)/sodium 
chloride/iron or alloy (40 per cent Ni, 20 per cent Cr, 
3 per cent Mo, 2 per cent Cu, balance substantially 
Fe)/sulphuric acid/copper, the corresponding curves 
tend to be erratic, often with maxima and minima 
superimposed, and they are sensitive to point-to- 
point differences in the condition of the emerging 
surface. Also, the currents i¢ are smaller and the 
zone C is rather narrower than in alkaline systems. 

The mode of action of zone C is not clear, but it 
must be assumed that oxygen is adsorbed there and 
that in the adsorbed state it is capable of diffusing 
towards the water line. The thin film of water 
present on the ‘dry’ area does not appear to hinder 
this mechanism. 

It is well known that under a droplet of spray a 
metal often corrodes in the centre of the droplet (A), 
rather than suffering attack at the circumference (B). 
From the above experiments it must be concluded 
that outside the droplet there exists a ‘halo’ (C), 
about 1 mm. wide, which contributes to the corrosion 
by acting as a catchment area for oxygen. 

Similar effects must also be expected during the 
electro-dissolution of hydrogen at a semi-immersed 
platinum anode, and possibly during the corrosion 
of metals semi-immersed in molten electrolytes, or of 
steel in the nearly anaerobic atmosphere of a boiler or 
condenser. 

Likewise, in air-depolarized carbon—zine batteries, 
or in fuel cells of the type oxygen/porous nickel/ 
potassium hydroxide/porous nickel/hydrogen, where 
the reacting gases dissolve electrochemically near a 
micro-meniscus inside each of the pores of the elec- 
trodes, the non-wetted part of the pore walls must 
play an important part as affecting the transport of 
the depolarizer. 

I wish to thank The Mond Nickel Co., Ltd., for 
permission to publish this communication. 

P. Herson* 

Development and Research Department 

Laboratory, 
The Mond Nickel Company, Ltd., 
Wiggin Street, Birmingham. 
* Present address: Arthur D. Little Research Institute, Inveresk, 


Midlothian. 
1 Peers, A. M., and Evans, U.R., J. Chem. Soc., 1093 (1953). 


Photographic Densitometry with the 
Two - Wave-length Method 


THE appreciation of distributional error in the 
measurement of complex microscopical objects has 
led.in recent years to the development of scanning 
methods of photometry and the two — wave-length 
of microspectrophotometry. 


method The two- 
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wave-length method has been used successfully in a 
number of laboratories since its inception by Ornstein! 
and its elaboration by Patau*. It is based on an 
empirical correction for distributional error derived 
from transmission readings of the entire object taken 
with two wave-lengths which have been pre-deter- 
mined to give true absorbances in the ratio of 1 : 2 
for the chromophore being measured. The successful 
application of the method depends on the spectral 
characteristics of the chromophore, and on the 
presence in the object of suitable areas in which the 
chromophore is randomly distributed and can be 
measured for the selection of appropriate wave- 
lengths. Three types of material will not meet these 
requirements. They are objects without homogeneous 
portions, objects in which more than one independent 
chromophore is present, and objects in which the 
chromophore has too flat an absorption spectrum to 
supply the necessary ratio. 

The photographic two-— wave-length method is 
intended for objects falling into the above categories. 
The objects to be measured are photographed at a 
convenient magnification using monochromatic light. 
The resulting black and white negative is contact:- 
printed, and the positive plate is developed with a 
coupling reagent. After bleaching and fixation, the 
positive transparency will be in one of a number of 
available colours and can be subjected to two — wave- 
length analysis. The spectral determinants are now 
those of the photograph, and are readily secured 
from a homogeneous portion of the plate. The 
readings may be carried out on a modified con- 
ventional spectrophotometer, or by inserting the 
plate into the optical train of a microspectrophoto- 
meter in the focal plane immediately below the 
eyepiece. 

The method has been tested on photographs of 
stained material taken at 5893 A., or of unstained 
material taken at 2536 A. In the latter case, isolated 
rat liver nuclei have given modal distributions of total 
absorbance which fall in geometric progression and fit 
closely to the biochemical predictions of deoxyribo- 
nucleic acid content. The results with the stained 
material have been evaluated by measuring the same 
cells by the direct two -— wave-length method and 
comparing the results with those obtained from tho 
photographs. The two methods gave values for a 
population of cells which have similar variances, the 
same means, and a very close correlation between 
individuals. The photographic two —-— wave-length 
method has thus been shown to be comparable to the 
direct two — wave-length method. 

The photographic two -— wave-length method is 
potentially applicable to many forms of photo- 
graphic densitometry, and should be of greatest 
value in those cases where discrete heterogeneous 
images are undergoing measurement. 

These observations were made during the tenure 
of a British American Exchange Fellowship of the 
American Cancer Society and the British Empire 
Cancer Campaign, under the supervision of Prof. J. 8. 
Mitchell. 


MorimmeEer L. MENDELSOHN 


Department of Radiotherapeutics, 
University of Cambridge, 
Cambridge. 
Sept. 13. 
* Ornstein, L., Lab. Invest., 1, 250 (1952). 
*» Patau, K., Chromosoma, 2, 341 (1952). 
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Intramolecular Transfer of Electronic 
Energy in Dihydro Diphosphopyridine 
Nucleotide 

DruyprRo diphosphopyridine nucleotide shows 
blue-white fluorescence (Amax. = 468 mu) in water 
solution! with a quantum yield? of 2 per cent 
on excitation by mercury 366 my radiation. Several 
reduced N-alkyl nicotinamides show fluorescence 
almost identical in spectrum and quantum yield with 
that of dihydro diphosphopyridine nucleotide. The 
excitation spectrum of the fluorescence* of these 
reduced N-alkyl nicotinamides (Fig. 1) shows com- 
plete coincidence with the fractional absorption 
spectrum over the whole range of wave-lengths 
explored (220-410 my). The fluorescence-excitation 
spectrum of water solutions of dihydro diphospho- 
pyridine nucleotide at pH 7-9 shows a further 
strong band with a maximum at 260 my, a region 
where 80-90 per cent of the absorption is due to the 
purine part of the molecule. From these observations 
it appears that 30 per cent of the photons absorbed 
by the adenine appear as nicotinamide fluorescence. 
The integrity of the molecule is required for this 
energy transfer to show itself: after a solution of 
dihydro diphosphopyridine nucleotide at pH 8-3 has 
been acted upon by nucleotide pyrophosphatase‘ the 
260 my band of the fluorescence-excitation spectrum 
disappears, the resulting spectrum becoming similar 
to that of the reduced N-alkyl nicotinamides. The 
enzyme hydrolyses the P—O—P linkage and causes 
the purine and nicotinamide nucleotides to become 
independent molecules, which in a 9 x 10°*°*M 
solution, the concentration of the experiments, are 
at an average distance of 300A. of each other. 
Solutions of dihydro diphosphopyridine nucleotide in 
propylene glycol show no detectable 260 my band in 
the fluorescence-excitation spectrum, while solutions 
in 60 per cent sucrose in water show a 260 my band 
the intensity of which is four-fifths of that in pure 
water. 

Observations of the polarization of the fluorescence 
of sucrose solutions (Table 1) show that in dihydro 
diphosphopyridine nucleotide, excitation with either 
mercury 366 or mercury 254 results in fluorescence 
with positive polarization which increases rapidly 
with the viscosity of the solvent. From the rate of 
change of polarization with viscosity, and using a 
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Fig. 1. Fluorescence-excitation spectra. Band-width, 1-5 my. 


Open circles, 4 hydro N-methyl nicotinamide in 0-1 M sodium 
carbonate; dark circles, dihydro diphosphopyridine nucleotide 
in 0-1 M tris buffer pH 8-3; crosses, dihydro diphosphopyridine 
nucleotide in 0-1 M tris buffer pH 8-3 after incubation for half 
an hour at 38° with nucleotide pereeneetetee. The light 
absorption by the enzyme is negligible throughout 
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Table 1. FLUORESCENCE POLARIZATIONS P FOR EXOITATION WITH 
NATURAL LIGHT. OBSERVATION AT 90° TO THE DIRECTION OF 
EXCITATION 

Solvent P 
Substance viscosity Mercury- Mercury- 
(centipoises) 366 254 

Dihydro diphosphopyridine 

nucleotide in 60 per cent 

sucrose 55 0-192 0-055 
Dihydro diphosphopyridine 

nucleotide in 40 per cent 

sucrose 6 0:158 0-04 
Dihydro diphosphopyridine 

nucleotide in 20 per cent 

sucrose 2 0-091 0-025 
Dihydro diphosphopyridine 

nucleotide in propylene 

glycol 56 0-159 <0-02 
4 Hydro N-methyl nitocin- 

amide in 60 per cent sucrose 55 0-105 <0-02 




















value of 900 cm.* for the molar volume of dihydro 
diphosphopyridine nucleotide in solution, a lifetime 
of the excited state of 0-5 x 10-® sec. can be cal- 
culated’, consistent with the low quantum yield. 
The values of the polarization for excitation by 
mercury A 254 agree with the lifetime calculated for 
excitation with mercury 366. Moreover, they are 
conspicuously higher than the values obtained on 
excitation by mercury A 254 of N-methyl nicotin- 
amide in 60 per cent sucrose, or dihydro diphos- 
phopyridine nucleotide in propylene glycol, thus 
showing that the transfer of the excitation energy 
absorbed at 254 my in aqueous dihydro diphospho- 
pyridine nucleotide results in the emission of polarized 
fluorescence and does not lengthen appreciably the 
lifetime of the excited state of the nicotinamide 
nucleus. This excludes a metastable state of the 
adenine as a source of the transfer and indicates a 
coupled oscillator mechanism® as the likely one. In 
agreement with other authors’ no fluorescence was 
observed in solutions of adenine or adenylic acid 
although a quantum yield of 0-1 per cent would 
have been detected by the method used. Thus the 
transfer has to compete with a radiationless transition 
with a probability of 10" or higher (reciprocal of 
natural lifetime times quantum yield). A probability 
of transfer of 101! requires short-range interaction of 
the molecules concerned® and points to the existence 
in dihydro diphosphopyridine nucleotide of an 
intramolecular complex similar to the one already 
described in flavin adenine dinucleotide® between the 
adenine and the isoalloxazine. Further evidence for 
the existence of this complex is given by a study of 
the absorption spectrum: the ratio Hygo/Hq is 
2-85 for intact dihydro diphosphopyridine nucleotide 
in water, increasing to 3-3 after treatment with 
nucleotide pyrophosphatase, whereas solutions in 
propylene glycol show Hogo/H x9 = 3-4. 
G. WEBER 


Department of Biochemistry, 
University of Sheffield. 
Sept. 3. 


1 Daysens, L. N. M., and Amesz, J., Biochim. Biophys. Acta, 24, 19 
(1957). 


2 Weber, G., and Teale, F. J. W., Trans. Farad. Soc., 58, 646 (1957). 

3 Weber, G., and Teale, F. J. W., Trans. Farad. Soc. (in the press). 

‘ Kornberg, A., and Pricer, W. E., J. Biol. Chem., 182, 763 (1950). 

§ Perrin, F., Ann. physique, 12, 169 (1929). 

* Perrin, F., Ann. physique, 17, 283 (1932). Férster, Th., Ann. Physik. , 
2, 55 (1947). 

7 Shore, V. G., and Pardee, A. B., Arch. Biochem. Biophys., 60, 100 
(1956). 

* wright, G. T., Proc. Phys. Soc., B, 68, 929 (1955). 

* Weber, G., Biochem. J., 47, 114 (1950). Whitby, L. G., Biochem. J., 
64, 437 (1953). 
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Polarization of Comet Arend-Roland 


WHEN, last May, Comet Arend—Roland became a 
bright naked-eye object ir. the northern hemisphere, 
we carried out a series of photoelectric measures of 
the polarization of its coma at different phase angles. 
The technique employed utilized a piece of ‘Polaroid’ 
attached to a rotatable six-position disk contained 
in the photometer. This enables measurements of in- 
tensity to be made as the ‘Polaroid’ is turned through 
60 deg. for each position of the disk. Standard 
Band J filters employed in the UBV system, together 
with interference filters having peak transmissions 
centred on 5890 A., 5000 A., 4700 A. and 4300 A. and 
half-widths of 80A. were used for isolating the 
different wave-lengths. Each of the three circular 
apertures behind the ‘Polaroid’ transmitted 3-7 
square minutes of arc of the sky. 

We have calculated the amount of polarization 
and plane of polarization, from at least six sets of 
measures, each day, for radiation transmitted by each 
filter, a set of deflexions being considered as those 
obtained through three successive positions of the 
‘Polaroid’. Since, in each position of the ‘Polaroid’, 
the light reaches the photomultiplier through a 
diaphragm and area of the ‘Polaroid’ different from 
that of the previous position, we determined correc- 
tion factors by measures of bright nearby stars, and 
applied these to the cometary measures. The 
orientation of the ‘Polaroid’ was determined by a 
laboratory arrangement, and we believe that the 
error in transferring this plane of reference to the 
telescope does not exceed 1 deg. The probable error 
of the value of percentage polarization is estimated 
to be less than + 1 per cent and that of a value of 
the plane of polarization to be + 5 deg. The values 
derived for 5890 A., 5000 A., and 4700 A. are given 
in Table 1. These values cover a limited range of 
phase angle because the comet, after May 8, was 
beyond the range of accurate measurement with our 
interference filter — ‘Polaroid’ combination. 











Table 1 
Percentage polarization and 
Date position angle of plane of polarization 
5 
_— 5890 A. 5000 A. 4700 A. 
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The measures of polarization through the B and V 
filters cover a larger phase angle than with the 
interference filters. Table 2 contains values of the 
amount of polarization and the plane of polarization 
for each day obtained through the V-filter, along 
with those of phase angle and position angle of the 
intensity equator that were calculated from the 
emphemeris of Candy’. A general decrease in 
amount of polarization with phase angle, along with 
superimposed erratic fluctuations from day to day of 
the order of 2-3 per cent, is seen. Assuming that 
the relation between amount of polarization and 


phase angle is, ziven by 
Po = 





Py, sin*6 
1 + Po. cos*6 
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Table 2 
Percentage | Position angle Position angle 

Date polariza- of plane of Phase of intensity- 
May 1957 tion polarization angle equator 
4-658 18-9 104° 76° 24° 37° 48” 
5-641 18-3 111° 73° 47° 40° O1’ 
6-648 19-9 116° 71° 12° 42° 12’ 
7655 17-0 119° 68° 48” 44° 16’ 
8-660 14°5 120° 66° 36’ 46° 13’ 
11-656 12-8 129° 60° 41’ 51° 21’ 
14-662 14-0 148° 55° 45° 55° 25’ 
15 -662 15°3 135° 54° 16” 56° 32’ 
22 -647 9-6 147° 45° 44° 62° 00° 
26 -650 62 148° 41° 54’ 63° 37’ 
































where P, and P,, are the values at phase angles 6 
and 90° respectively, we have calculated the values 
of P,, for the comet through the different filters. 
These are seen to be consistent among them- 
selves. 

The 5890-A., 5000-A., 4700-A. interference filters 
were chosen to isolate the Swan bands present in the 
spectrum of the Comet. A check on the continuum 
was maintained with the aid of the 4300-A. filter. 
The V -filter transmits, in the yellow and green regions, 
the C, radiations and possible sodium D-line emission 
together with the continuum of reflected sunlight. 
Hence, a value of the polarization of the coma 
determined through the V -filter represents a weighted 
mean of the percentage of polarization of the emission 
bands as well as of the continuum. The equality in 
the values of P,, derived through the different 
filters used, indicates the dominant part played by 
the continuum. We have had no access to spectra 
of the Comet taken on these days, but judging from 
Wellman’s? description of the spectrum as it appeared 
on April 23, the emission may have been very weak 
during the period we observed. The polarization 
of Comet Arend—Roland is thus similar to that 
of Comet Paraskevopoulos (194lc) studied by 
Ohman‘. 

Within the errors of measurement, the planes of 
polarization at any one time of observation obtained 
through the different filters are all identical. Table 2 
shows that the change in plane of polarization with 
time is linear, though it is more rapid than the 
change in position angle of the intensity-equator 
during the same time interval. 


M. K. Varnu Bappu 
8S. D. SrinvHau 


Uttar Pradesh State Observatory, 
Naini Tal. 
Aug. 6. 


* Candy, M. P., Int. Astron. Union Cire. No. 1585 (Feb. 20, 1957). 
* Wellman, P., Int. Astron. Union Circ. No. 1596 (April 29, 1957). 
*Ohman, Y., Stockholm Annals, 13, No. 11 (1941). 


Crystal Structure of Oximes 


THE crystal structure of syn-p-chlorobenzaldoxime 
has been determined in more detail than previously 
reported! by a three-dimensional Fourier-synthesis 
and two-dimensional /, — F,-syntheses. The main 
features of the structure are shown in Fig. 1. The 
hydrogen atoms connected to the carbon atoms were 
found in the expected positions, although their 
parameters could not be determined accurately. 
There was fairly conclusive evidence from the 
electron-density maps that the hydrogen atom of the 
oxime group is covalently bound to oxygen; the 
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Fig. 1. Syn-p-chlor»benzaldoxime. The structure viewed along 
the b-axis. The interatomic distances are in angstrom units; 
their maximal error is estimated to be 0-04 A. 


(The figures in rectangular frames indicate the distances in A. 
from an approximating plane through the benzene ring) 


pairs of hydrogen bonds linking the molecules in 
dimers are thus of the type O—H...N. 

It seems clear that in these dimers the hydrogen 
bonds are non-linear ; indeed, two centrosymmetri- 
cally related hydrogen atoms on the straight line 
O...N at a distance 1A. from the oxygen atoms 
would be only 1-7 A. apart, which is a much shorter 
distance than twice the van der Waals radius of 
hydrogen. The present observations agree with a 
deviation of the OH bond of about 20° from the 
line O...N. This gives a reasonable angle N—O—H 
of about 105°, an angle O—N...H’ of about 106° 
and a distance H—H’ of about 2-4 A. 

In the crystal structure of dimethylglyoxime?, 
dimerization of oxime groups in neighbouring mole- 
cules is effected by pairs of hydrogen bonds ; since 
dimethylglyoxime is a dioxime, infinite chains are 
thus formed. The geometry of the oxime groups in 
the associated molecules is exactly similar to that of 
syn-p-chlorobenzaldoxime, thus indicating that the 
hydrogen bonding in the two structures is of the 
same type. 

The crystal structure of anti-p-chlorobenzaldoximoe 
has been determined from two well-resolved Fourier 
projections (Fig. 2), though not in so much detail as 
that of the syn-form. The anti-configuration of the 
molecule is confirmed. The oxime group is turned 
about 19° out of the plane of the benzene ring, 
presumably to avoid too close contact with C, ; 
resonance between the oxime group and the benzene 
ring is thus sterically hindered, and the C,-C, bond 
is found, in accordance with this, to have the length 
of a normal single bond, whereas the equivalent bond 
in the nearly planar syn molecule is significantly 
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shorter. Apart from this, the two stereo-isomers are 
identical within the experimental accuracy. The 
molecules of the anti form are linked in infinite 
chains by hydrogen bonds between nitrogen and 
oxygen in neighbouring molecules; the hydrogen 
atoms could not be placed at the present stage of the 
structure determination, and according to geometrical 
considerations the hydrogen atom of the oxime group 
could be covalently bound to either oxygen or nitro- 
gen. However, the geometry of the chains is rather 
like that found in the crystal structure of form- 
amidoxime*, where the molecules form a three-dimen- 
sional network by hydrogen bonds in which chains 
formed by hydrogen bonds connecting nitrogen and 
oxygen in neighbouring oxime groups take part. 
From geometrical considerations of the hydrogen 
bonding in the formamidoxime structure, Donohue 
has concluded that the oxime hydrogen is covalently 
bound to oxygen; by analogy with this, one may 
infer that in anti-p-chlorobenzaldoxime the hydrogen 
bonds are also of the type O—H...N. 

So far, only one other oxime crystal structure has 
been determined, that of acetoxime®; again the 
hydrogen atoms have not yet been found in the 
electron density calculations, and from geometrical 
considerations one cannot decide whether the hydro- 
gen bonds O...N, which in this case link the 
molecules to trimers, are of the type O—H...N or 
N—H...0O; but the former possibility would seem 
more likely, since there is no characteristic difference 
in behaviour of this oxime suggesting a structure 
differing from the above. 

The bond-lengths in the oxime groups in the five 
structures are very uniform and indicate a structure 
predominantly —=C—=N—O— with a small contribu- 
tion from —=C—N=0O. 
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Fig. 2. Anti-p-chlorobenzaldoxime. The structure viewed along 
the a-axis. The interatomic distances are in angstrom units; 
their maximal error is estimated to be 0-1 A. 


(The figures in rectangular frames indicate the distances in A. 
from an approximating plane through the henzene ring) 
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From the above results it is concluded that oximes 
in the crystalline state correspond closely with the 
classieal oxime formula ==C=N—OH. 

It may be a general phenomenon with the aromatic 
aldoximes that the syn forms are associated in dimers 
and the anti forms in chains, as was found for the 
p-chlorobenzaldoximes. This concept is supported 
by evidence from infra-red absorption spectra of syn 
and anti forms of some aromatic aldoximes*, and 
offers an explanation of the curious fact that for 
these oximes the trans forms (syn) generally have 
lower melting points than the cis forms (anti). 

Two of the types of molecular association found 
in oximes are paralleled by the dimers and chains 
found in the crystal structures of carboxylic acids ; 
the intermediate form, that is, the trimers in the 
crystals of the symmetrical oximes acetoxime and 
cyclohexanone oxime’, has no counterpart in the 
known structures of carboxylic acids. 

A detailed account of this work will be published 
elsewhere®. 

Bopit JERSLEV 


Royal Danish School of Pharmacy, 
Copenhagen. 
1 Jerslev, B., Nature, 166, 741 (1950). 
* Merritt, L. L., and Lanterman, E., Acta Cryst., 5, 811 (1952). 
* Hall, D., and Llewellyn, F. J., Acta Cryst., 9, 108 (1956). 
* Donohue, J., J. Amer. Chem. Soc., 78, 1172 (1956). 
* Bierlein, T. K., and Lingafelter, E. C., Acta Cryst., 4, 450 (1951). 
* Palm, A., and Werbin, H., Canad. J. Chem., 31, 1004 (1953). 
’ Okaya, Y., Shimada, A., and Nitta, I., Bull. Chem. Soc. Japan, 
29, 210 (1956). 
* Jerslev, B., thesis, Copenhagen (1958). 


Spiral Crystals of Meconin 


THE growth of zinc sulphide and magnesium 
sulphate* crystals in spiral form has recently been 
reported. Spiral crystals of meconin (6 : 7-dimeth- 
oxy-phthalide) with melting point 101—101-5° C. (lit. 
102 -5°)) have been isolated from an aqueous propanolic 
solution which had been saturated with chloroform. 





Only six spirals, 2-3-3 mm. in length, appeared 
together with the regular needle form. An attempt 
to reproduce this spiral crystal form was unsuccessful. 
The photograph, taken by I. McGill, shows three 
crystals, the central one of which was 2 mm. long. 


W. R. Logan 


Chemistry Department, 
The Royal College of Science and 
Technology, 
Glasgow, C.1. 


*Addamiano, A,, Nature, 179, 493 (1957). 
* Shayer, M., Nature, 179, 1364 (1957). 
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A New Metallic Layer Structure 


Durine the course of an investigation into the 
system manganese/mercury, I confirmed the existence 
of the intermediate phase Mn,Hg, reported by 
Prelinger! and described its crystal habit and de- 
termined the dimensions of its unit cell?. Since then, 
satisfactory Weissenberg photographs have been 
obtained from very small crystals (0-01-0-02 mm. 
in diameter). The only systematic absences observed 
were Okl for k odd, which lead to three possible space 
groups, namely, P4/mbm (D*,;), P42 (D%.q) and 
P4bm (C*,,). Furthermore, the hk0 and hk2 intensities 
display the same trend, which is different from that 
of the hkl intensities. If the ten mercury atoms in the 
cell are all placed at z = 0 and the four manganese 
atoms at z = 4, it is apparent that the geometrical 
structure factor for the first of the three space groups 
is identical for all reflexions with 1 = 2n, but the man- 
ganese contributions reverse their signs for! = 2n + 1. 
This arrangement of atoms is only possible in the 
space group P4/mbm. From packing considerations 
a structure could be derived which gave good agree- 
ment between the observed and calculated intensities. 
The geometrically derived parameters are u = 0-075 
and v = 0-206 for the eight mercury atoms at 
positions + (uO; wd; w+44—7,0; v +4, 
nm + 4,0) and wu = 0-178 for the manganese atoms 
at + (uu td; ut 4,u,4), the two remaining 
mercury atoms being situated at special positions 
($,0,0) and (0,3,0). Further refinement of these 
parameters by Fourier methods is under way; the 
results will be published more fully elsewhere. 

The above structure leads to a closely packed 
arrangement in which each mercury in the (001) 
planes is in direct contact with its four nearest 
mercury neighbours in the same plane, and with 
one mercury atom above and below it. Each man- 
ganese atom is also in direct contact with six mercury 
atoms—for example, A, B and C in Fig. 1 and the 
atoms directly above them—and fits exactly into the 
vacant site between them. 

The new metallic layer structure displays a remark- 
able similarity to that of tetramminopalladous 
chloride monohydrate, Pd(NH;),Cl..H,O and _ its 
platinum isomorph®. The two extra (heavy metal) 
atoms per unit cell of the complex occupy the special 
positions (0,0,0) and (4,4,0), which are unoccupied 
in Mn,Hg,. Although it would seem rather surprising 
that an alloy crystallizes with basically the same 
atomic arrangement as a co-ordination complex, the 
close packing in the structure of Mn,Hg, emphasizes 
its typically metallic character. 





Fig. 1. Projection on (001) of the structure of Mn,Hg, with two 
formula units per unit cell. The atomic radii taken are rHg = 
1-50 A. and ran = 1°35 A. 
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I am grateful to Dr. F. H. Herbstein, of the National 
Physical Research Laboratory, Pretoria, for stimu- 
lating discussions. This communication is published 
with the permission of the South African Council for 
Scientific and Industrial Research. 


J. F. p—E Wet 


National Chemical Research Laboratory, 
South African Council for 
Scientific and Industrial Research, 
Pretoria. 

July 12. 
1 Prelinger, O., Monatsh. Chem., 14, 353 (1893). 
2de Wet, J. F., Angew. Chem., 67, 208 (1955). 
3 Dickinson, B. N., Z. Krist., A, 88, 281 (1934). 
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Life-time of an Artificial Earth Satellite 


In view of the recent widespread interest in the 
life-time of an artificial Earth satellite, a simple expres- 
sion is derived here which predicts the approximate 
life-time from initially measured values of the rate 
of change of height at apogee and the difference 
between the heights at apogee and perigee. 

Let h be the height at perigee and h+ 2h, the height 
at apogee, both measured from the centre of the 
Earth. Using polar co-ordinates with r as the 
distance from the centre of the Earth (the assumed 
origin) and @ the angle measured from perigee : 


r~h +h,(1 —cos6) 


and near perigee, where air resistance is much higher 
than elsewhere in all but the latest stage of the life 
of a satellite : 

r~h+307h, 


The impact of the air molecules at any point r, 0 
will cause no drop in height at that point but a 
maximum drop in height at the diametrically opposite 
point, so that the ratio of the height drop near perigee 
to that at apogee is : 


(1 —cos0)/2 ~6?/4 


Assuming that the air resistance causes a maximum 
height drop proportional to exp(—r/H)d@ over the 
angle d@, where H, the atmospheric scale-height, is 
assumed much smaller than h,, the total drop at 
perigee during one cycle is proportional to : 

—n 


[20rexpl —h—436*h,)/H]d6~ 


oe §n1!*(h,/2H)*" exp(—h/H) (1) 


while similarly the drop at apogee is proportional to : 
m1/2(h,/2H)-*"exp( —h/H) (2) 
In view of the large decrease in the exponent of the 
exponential with increasing 9, there will be little 
contribution to the integral over large values of 0, 
and for simplicity the integrations were carried out 
from 6=— oo to8=+0. 
The ratio of the rate of decrease in height at perigee 
to that at apogee is then : 


dh/d(h + 2h,)~4$dh/dh, =4A/h, 
Solving this differential equation : 
h,=h, .exp[ —2(h» —h)/A] (4) 


where h,,) and hy are the initial values of h, and h. 


(3) 
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The rate of decrease in height at perigee is propor- 
tional to expression (1). Substituting h, from (4) 
one obtains : 


dh/ditcxexp[ —4h/H] (5) 


the solution of which is 
t=t;{1 —exp[ —4(ho—h)/H}} (6) 


The integration constant t;, which clearly is an 
approximation to the life-time of an Earth satellite, 
may be determined if the initial rate h/ of losing height 
at apogee is known. Then the rate of loss of height 
at perigee is, from (3), given by }iiH/h,, which 
equals, from equation (6), for very small ¢: 


(ho —h)|t ~H |(4t;) 
and therefore 
ta=h,|h; (7) 


This simple expression means that the life-time of 
a satellite is approximately equal to the time in 
which the distance at apogee from the centre of the 
Earth, decreasing at its initial rate, would reach a 
value equal to the initial value of the semi-major 
axis of the orbit. The assumption H<h, is of course 
not valid in the last stages of a satellite’s life. 
Expression (7) is therefore an under-estimate, but if 
H <40 km. the error is estimated to be less than 
20 per cent. 

From observations of the Doppler effect on the 
signals received from the 40-002 Mc./s. transmitter of 
the first Russian Earth satellite by the National 
Telecommunications. Research Laboratory of the 
South African Council for Scientific and Industrial 
Research, the values h, =210 statute miles and hj= 
2-4 miles/day (the latter derived from the measured 
rate of change of orbital period) have been obtained. 
From these a life-time t, of 87 days is obtained as 
from October 20, 1957. 

No radio measurements are available on the rocket 
casing, but from time differences between the satellite 
and the rocket casing published in the Press, a life- 
time of about 56 days is obtained. 

This communication is published with the permis- 
sion of the South African Council for Scientific and 
Industrial Research. 
J. A. FEJER 


National Telecommunications Research 
Laboratory, 
African Council for Scientific 
and Industrial Research, 
P.O. Box 10319, 
Johannesburg. 
Oct. 25. 


[See page 1392 of thisissue of Nature.] 
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Suppression of Bubbling in Boiling 
Refrigerants 


DuRING recent studies of the properties of radicals 
trapped at low temperatures it has been found that 
the presence of bubbles in the body of a boiling re- 
frigerant can be eliminated by introducing a stream 
of a gas which is comparatively insoluble in the re- 
frigerant. In atypical experiment a small, unsilvered 
Dewar flask was half-filled with liquid nitrogen at 
atmospheric pressure, vigorous bubbling of the liquid 
being observed. When a jet of helium, hydrogen, or 
neon gas was blown over the liquid nitrogen at a 
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rate sufficient to break up the surface, the bubbles 
at first became smaller and then were no longer 
visible. The liquid was now completely clear and 
still, and its temperature had fallen by several 
degrees. If the gas flow was interrupted, the bubbling 
eventually resumed its original intensity. When the 
gas was introduced 10 cm. below the surface of the 
liquid nitrogen instead of being blown across the 
surface it was found that the rate of gas flow needed 
to suppress bubbling was reduced considerably. In 
the case of helium gas, the flow could be reduced to a 
value of 1/6 to 1/8 of that required when blown 
across the surface. The introduction below the sur- 
face of nitrogen, air or argon gases, instead of helium, 
had little or no effect on the bubbling, so that the 
suppression was not caused merely by a local increase 
in total pressure above the surface of the liquid 
nitrogen. 

A more detailed investigation showed that the 
magnitude of the drop in temperature depended only 
on the proportion of added gas to vaporized re- 
frigerant, above the liquid, but not on whether the 
gas was helium, hydrogen or neon. Furthermore, 
the temperature reached by the liquid nitrogen was 
found to be that at which the saturated vapour 
pressure of nitrogen equalled the partial pressure of 
the nitrogen in the gases above the liquid. For 
example, when helium gas reduced the partial 
pressure of nitrogen to 47 cm. the decrease in tem- 
perature was 3-4°C., the predicted value being 3-9°. 
These observations are in agreement with the 
suggestion (Haselden, G. G., private communication) 
that added gases cool the liquid by reducing the 
partial pressure of the nitrogen. 

At the lower temperature, it has been pointed out 
(Grassmann, P., private communication) that evap- 
oration of the nitrogen will occur more readily into a 
bubble of helium than into a bubble of the liquid 
itself, since the partial pressure of nitrogen is initially 
much smaller in the helium bubble. Helium bubbles 
thus remove the greater part of the nitrogen evapor- 
ated, and the number of nitrogen bubbles in the 
remainder of the liquid is diminished. 

Qualitatively similar effects were found when 
helium was passed into liquid air, liquid argon and 
liquid oxygen. Bubbling in liquid oxygen was reduced 
to some extent by nitrogen gas or argon gas, presum- 
ably because the gases dissolved and slightly changed 
the boiling point of the liquid. Oxygen gas, however, 
also decreased the bubbling of liquid oxygen, and 
the reason for this is not obvious. 

The results reported here indicate that efficient 
suppression is obtained by using a gas with a boiling 
point much lower than that of the refrigerant. This 
method has been used in these laboratories for 
facilitating visual, photographic and spectroscopic 
observations of the condensation of free radicals and 
of associated processes, and other applications can 
be envisaged. 

This research was performed under the National 
Bureau of Standards Free Radical Programme, 
supported by the Department of the Army. 

G. J. Mrnxorr* 
Fioyp I. ScHERBERT 
AtFRED K. STOBER 


National Bureau of Standards, 
Washington, D.C. 
* Guest scientist from the Imperial College of Science and Techno- 
logy, London. 


+ Guest scientist from Union Carbide Research Institute, Union 
Carbide Co poration. 
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Differential Thermal Characteristics of 
Peat 


THE recent extensive development of controlled- 
atmosphere differential thermal analysis has enabled 
systematic investigation of many organic materials 
to be carried out'. The data for a curve obtained 
from peat have indeed been quoted by Grimshaw 
and Roberts!, and Kanavets, Klimov and Chibisova? 
have published two curves, one for an ‘upper’ (pre- 
sumably a zonal or hill) peat and the other for a 
‘lowland’ (presumably an intrazonal or basin) peat. 
These, however, are the only published curves we 
have been able to trace, and no studies appear to 
have been made regarding the variation in the 
complete-combustion differential thermal curve with 
respect to either botanical composition or degree of 
humification. From results recently obtained here 
it appears that the curve may be affected by both 
these factors. 

The apparatus used was somewhat similar to that 
described by Grimshaw and Roberts?, in that oxygen 
was passed over the sample in a porous, ceramic 
holder block at a rate of 200 ml./min. Samples 
consisted of 10 mgm. oven-dried peat diluted with 
190 mgm. calcined kaolinite, the inert material being 
calcined kaolinite. The heating rate was maintained 
at 10° C./min., and photographic recording of the 
AT /t curve was employed. 

Representative curves for peats of different 
botanical composition are shown in Fig. 1. All those 
examined gave rise to marked exothermic effects in 
the 200-400° C. region, a two-peak system usually 
being developed. That this is not due to incomplete 
combustion with successive ‘bursts’ of oxidation (as 
for pyrite in air*) was demonstrated by using samples 
of varying dilution ; the peak system was found to 
be independent of dilution. We thus have to deal 
with two successive oxidations. In any event it is 
quite evident that the type of curve obtained is 
dependent upon the botanical character of the 
peat, and additional results have also suggested 
that it may be dependent upon the degree of 
humification. 

That different fractions separated from peats also 
give quite distinctive curves is clear from Fig. 2. 
Thus the ‘humic acid’ fraction always gives a two- 
peak system with the second peak larger than the 
first, while the holocellulose fraction exhibits a large 
exothermic peak followed by two distinct groups of 
considerably smaller exothermic peaks. In addition 
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Fig. 2 
A, ‘humic acid’ from Sphagnum-Eriophorum peat ; B, holocellu- 


lose from Sphagnum-Eriophorum peat 


to such differences, variations have been observed in 
curves for similar fractions separated from peats of 
different botanical composition. 

It has been considered! that the area under the 
exothermic peak in complete combustion may be a 
measure of the calorific value of coal. The same would 
be expected to be true of peat, and in addition it 
may be possible to predict the burning characteristics 
of different peats from their differential thermal 
curves. 

Systematic application of differential thermal 
analysis to peats has thus opened up a wide field for 
further investigation. Several lines are currently 
being followed up, and it is hoped to publish a more 
detailed account of the results at a later date. 


B. D. MrrcHEeELL 


Macaulay Institute for Soil Research, 
Craigiebuckler, 
Aberdeen. 
Sept. 20. 

1 Grimshaw, R. W., and Roberts, A. L., ‘The Differential Thermal 
Investigation of Clays’’, Mackenzie, R. C., ed., 404 (Mineralogical 
Society, London, 1957). 

* Kanavets, P. I., Klimov, B. K., and Chibisova, K. I., Transactions 
of the First Congress of Thermography, Kazan, f58, ’ Berg, L. G., 
ed., 143 (Akad. Nauk 8.8.S.R., 1955). 

MeL augt hlin, R. J. W., “The poesia Thermal Investigation of 
a Mackenzie, R. C., ed., 364 (Mineralogical Society, London, 
1957). 


Modified Method of Carbon Marking 


In the field of experimental embryology, carbon 
marking has been widely used for tracing the move- 
ments of cells'. By this method blood carbon particles 
adhering to the end of a needle are deposited among 
the cells the migrations of which are to be studied. 
When experiments are carried out in ovo, the needle, 
before it reaches the embryo, must first pass through 
the overlying layer of saline, albumen, etc., and the 
surface-tension effects here, as the needle reaches the 
surface of this fluid, cause the removal of all the 
particles not adherent to its very tip. To minimize 
this effect, it is essential that the needle be held 
perpendicular, and that a quick stabbing movement 
be used. 

In the method described here, however, these 
surface-tension effects are eliminated, and hence the 
needle need not be held perpendicular, and the 
marking can be carried out slowly and deliberately, 
and therefore with greater accuracy. 
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Fig. 1. The components of the carbon-marking device are shown. 

The dimensions are not in any way critical, but should oy varied 

to suit the size of the individual operator’s hand. e handle 

of the needle is gripped with the forefinger and thumb. The collar 
is manipulated up or down with the middle finger 


The instrument is shown in Fig. 1. It consists of 
a tungsten needle mounted in a glass handle. A glass 
capillary tube is fitted over the needle, of a length 
slightly less than that of the needle itself. To the 
capillary tube a thin connecting rod is attached. 
Meanwhile, a collar is made which slides easily up 
and down on the handle of the needle, and to which 
a connecting rod is also attached. Both the capillary 
and the collar are then mounted respsctively on the 
needle and its handle, and the connecting rods 
brought together and fused with a microburner flame. 
As the collar slides on the glass handle the capillary 
moves up and down exposing or covering the tip of 
the needle. 

The instrument is loaded as follows. Blood carhon 
is placed in a watch glass, and spread out by rubbing 
with a glass rod. Saline is added. Some of the 
carbon will float on the surface of the saline, however, 
but this can be removed by throwing away the 
saline and refilling. Carbon adhering to the bottom 
of the watch-glass is picked up under the microscope 
on the end of the needle; but before withdrawing 
the instrument from the saline the collar is pushed 
downwards and the capillary is made to project 
beyond the tip of the needle so that when the surface 
film is broken the carbon on the needle remains 
undisturbed. The embryo is now placed under the 
microscope and the surface film of the supernatant 
fluid is broken with the capillary tube still held in 
the same position, that is, projecting beyond the tip 
of the needle. The capillary tube is withdrawn slightly 
exposing the needle tip with its adherent carbon 
particles. The embryo can now be marked slowly 
and deliberately in the intended spot. 

Care must be taken to ensure that both the needle 
and the capillary are clean, or the carbon will not 
go down. Between operations the capillary should 
be kept wet, otherwise albumen, saline, etc., will clog 
the instrument. A new capillary is advisable for 
each operating session. 

I wish to express my thanks to Dr. Mary 
Rawles, under whose direction I worked as a 
member of the Second International Team in 
Experimental Embryology, at the Hubrecht Lab- 
oratory, Utrecht. I also thank Mr. John Spurbeck 
for the figure. 


P. H. 8S. Siver 
Dept. of Anatomy, 
Middlesex Hospital Medical School, 


London, W.1. 
Oct. 9. 


1 Spratt, N. T., J. Hap. Biol., 103, 259 (1946). 





1416 NATURE 


Decomposition of Chloro-organic Acids 
by Fungi 

Durine a study of bacterial decomposition of 
various chloro-substituted organic acids' it was 
observed that certain strains of T'richoderma viride 
produced small amounts of chloride in synthetic 
medium with sodium monochloroacetate as sole 
organic constituent. Extra addition of yeast or soil 
extract had little effect; but later experiments 
showed that the fungi became very active when 
glucose was supplied as an additional carbon source. 
Ten strains of 7’. viride were tested in liquid medium 
containing 0-04 M sodium monochloroacetates, 0-2 per 
cent glucose, 0-05 per cent ammonium sulphate and 
dipotassium phosphate, 0-02 per cent magnesium 
sulphate and calcium sulphate, and 0-005 por cent 
ferrous sulphate. Cultures were incubated at 25° C., 
and chloride was determined by titration with 0-01 N 
silver nitrate, in the presence of potassium chromate 
as an indicator. The strains proved to comprise 
two groups, each of five strains. One of these groups 
(I) was strongly and the other (II) weakly active 
towards monochloroacetate. In addition, dichloro- 
acetate was decomposed with moderate vigour, but 
a«-monochloropropionate only feebly (Table 1). 








Table 1 

Substrate and Incubation Per cent ionized Cl: 
concentration (days) Group I Group iT 

“Monochloro- 7 8-53 0-3 

acetate, 0-04 M 14 76-100 4-7 

Dichloroacetate, 7 1-17 0-2 

0-02 M 14 7-28 5-7 

| Monochloropro- 7 0-9 0-2 

| pionate, 0°04 M 14 2-17 4-5 








(a ——— 





The fungi of Group I displayed a similar activity 
when glucose was replaced by cellulose or xylan. 

Sixty-two strains of other fungi, partly collection 
cultures and partly random soil isolates, were tested 
against monochloroacetate. The majority (46 strains) 
had no effect, while ten strains produced chloride in 
amounts comparable to 7’. viride, Group II. Four 
strains of Penicillium roqueforti (collection cultures) 
and two of Clonostachys sp. (soil isolates) showed an 
activity approaching that of 7’. viride, Group I. 
Clonostachys sp. also attacked dichloroacetate and 
«-monochloropropionate, while P. roquefortt had very 
little effect upon these compounds (Table 2). 











Table 2 
Substrate and Incubation Per cent ionized Cl: 
concentration (days) P. roqueforti Clonostachys sp. 
Monochloro- 7 0-33 5-7 
acetate, 0-04 M 14 45-76 30-37 
Dichloroacetate, 7 (0) 3-5 
02 J 1 <1-+4 16-18 
Monochloropro- 7 (0) 3-4 
pionate, 0-04 M 14 0-2 13-14 
‘is 6 & ie 











None of the fungi produced chloride from tri- 
chloroacetate, «-dichloropropionate, or 2,4-dichloro- 
phenoxyacetate. 

Tests with mycelium of 7’. viride grown in sub- 
merged culture indicated that formation of a chloride- 
producing enzyme was induced when mono- or 
di-chloroacetate was added to the medium. The 
same enzyme appeared to be responsible for the 
decomposition of both compounds. 

Experiments on the properties of the enzyme and 
the behaviour of the fungi in soil are being con- 
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tinued, and the results will be published in detail 
elsewhere. 


H. L. JENSEN 


Department of Bacteriology, 
State Laboratory for Soil and 
Crop Research, 
Lyngby, Denmark. 
Sept. 3. 


* Jensen, H. L., Canad. J. Microbiol., 8, 151 (1957). 


Photosensitivity of Ham Compounds 


Haldane and Lorrain Smith! discovered that 
carboxyhemoglobin is sensitive to light, and several 
workers have shown that this property is shared by 
other ferrohem-—carbon monoxide compounds. Until 
Keilin and Hartree* found that the cyanide com- 
pounds of ferroperoxidase and myoglobin were 
light-sensitive, it was generally believed that carbon 
monoxide compounds were unique in this respect. 
We have now found that oxyhzmoglobin, nitric oxide 
hemoglobin and ethyl isocyanide hzmoglobin are 
light-sensitive, thus showing that all the known 
ligands able to combine with ferrohemoglobin are 
qualitatively similar. 

The compounds were examined by the flash 
photolysis method* the layout of the apparatus 
following the description of Gibson* except that 
300J were dissipated in each of two borosilicate glass 
flash tubes and that a Hilger monochromator type 
D 246 was used instead of interference filters. Taking 
the quantum yield for carboxymyoglobin as 1, the 
following approximate yields were obtained: oxy- 
myoglobin 0-03, oxyhzmoglobin 0-008, nitric oxide 
hzemoglobin and nitric oxide myoglobin 0-001, ethyl 
isocyanide hemoglobin 0-05. These observations 
were made at 430 my. for the hemoglobin compounds 
and at 435 my for the myoglobin compounds, using 
a 3-mm. cuvette with 3 x 10->M hem pigment, 
phosphate buffer 0-1 M, pH 7:1, 1° C. 

It should perhaps be pointed out that the photo- 
sensitivity of these compounds cannot easily be 
demonstrated using ordinary light sources. The 
discharge at present used lasts about 20 usec., 
corresponding to an instantaneous rate of work of 
3 x 10° kW. In the most favourable circumstances, 
with a half-time for recombination of oxymyoglobin 
of 5 msec., a continuous source of about 1-2 x 10? kW. 
would be needed to maintain half-dissociation if 
applied in the present apparatus. 

For the case of whale oxymyoglobin the absorption 
spectrum of the product of the photochemical reaction 
has been determined from the absorption spectrum 
of the initial solution by measuring the change in 
optical density produced by the flash at a series of 
wave-lengths, and subtracting these changes from the 
initial values. The spectrum so obtained (Fig. 1) 
corresponded in form to that of reduced haemoglobin. 
The recombination reaction has been found to be 
accurately second-order with rate constant 5 x 10° 
M-* sec.-! at 1° C. and 12 x 10% at 22° C. 

So far we have not been able to cause any ferri- 
hem compound to dissociate measurably, which, 
under our conditions, means that the quantum yield 
must be less than 0-0001. We suggest, therefore, that 
photosensitivity be regarded, for the present, as a 
general property of ferrohem compounds. If further 
work shows our findings to apply to the hem enzymes, 
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Fig. 1. The continuous lines show the absorption spectra for 

solutions of reduced myoglobin and oxymyoglobin determined 

with a spectrophotometer. The points represent the spectrum 

of the product of flash photolysis of oxymyoglobin. A, oxymyo- 
globin; B, myoglobin 


flash photolysis may become a useful tool in studies 
of enzyme action. 
We are indebted to the Medical Research Council 
for grants in aid of this work. 
Q. H. GiBson 
S. ArnsworTtH 
Department of Biochemistry, 
University of Sheffield. 
} Haldane, J. S., and Lorrain Smith, J., J. Physiol., 20, 497 (1896). 
* Keilin, D., and Hartree, E. F., Biochem. J., 61, 153 (1955). 
® Norrish, R. G. W., and Porter, G., Disc. Farad. Soc., 17, 40 (1954). 
‘Gibson, Q. H., J. Physiol., 184, 112 (1956). 


5-Hydroxytryptamine and Anaphylactic 
Shock 


It is generally accepted that histamine plays an 
important part in anaphylactic shock. In recent 
years, attention has been directed to 5-hydroxytrypt- 
amine, since this substance, together with histamine, 
is liberated from the platelets by the antigen-antibody 
reaction’. Further, 5-hydroxytryptamine causes a 
shock syndrome in guinea pigs which is similar to 
that caused by anaphylaxis*. Although Herxheimer 
was unable to protect guinea pigs from anaphylactic 
shock using lysergic acid diethylamide, a potent and 
specific antagonist of 5-hydroxytryptamine, Pallotta 
and Ward* have observed significant protection 
using intravenous doses of lysergic acid diethylamide. 

We have now attempted to determine, using the 
Dale-Schultz reaction, whether the substance respon- 
sible for the contraction of the sensitized guinea pig 
and rat uteri in the presence of antigen is histamine 
or 5-hydroxytryptamine. It was found that the 
guinea pig uteri (whether from sensitized or normal 
animals) are at least 1,000 times more sensitive to 
histamine than they are to 5-hydroxytryptamine, the 
threshold concentration of histamine being 10-* gm./ 
ml. Guinea pigs were sensitized to horse serum and 
used for the Dale—-Schultz reaction 3-4 weeks later. 
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Table 1. THE SENSITIVITY OF THE GUINEA PIG AND RAT UTERI TO 
HISTAMINE AND 5-HYDROXYTRYPTAMINE (5-HT), AND THE EFFECT 
OF ANTAGONISTS ON THE DALE-SCHULTZ REACTION IN THOSE SPECIES 


Sensitivity Prevention of 
of uterus Dale-—Schultz reaction 
SK a 0. | iia some sonnel momenta, 
Species Histamine 5-HT Mepyramine ‘BOL 148’ 
Guinea pig 0 + 0 
Rat 0 + 0 + 


One half of the horn of the uterus of such animals was 
set up in the organ bath and shown to contract 
maximally to the first addition of the specific antigen. 
The reaction of the other half of the horn to the 
antigen was then tested in the presence of either 
mepyramine (10-* gm./ml.) or the bromo derivative 
of lysergic acid diethylamide, ‘BOL 148’ (10-5 gm./ 
ml.). In each of the four tests, mepyramine blocked 
the reaction, but ‘BOL 148’ when tested similarly 
was without effect. 

When similar experiments were performed with rat 
uteri, however, a completely different result was 
obtained (see Table 1). Uteri of rats (whether from 
sensitized or normal animals) are at least 1,000 times 
more sensitive to 5-hydroxytryptamine than they 
are to histamine, the threshold concentration of the 
former being 10-* gm./ml. Rats were sensitized by 
one intraperitoneal injection of either fresh eggwhite 
alone (2 ml. 50 per cent solution) or horse serum (1 ml.) 
with Haemophilus pertussis vaccine (20,000 x 10-6 
organisms, phase I), and used for the Dale—Schultz 
reaction 12-20 days later. One horn of the uterus of 
such animals was set up in the organ bath and shown 
to contract on the first addition of the specific antigen. 
The reaction of the other horn to the antigen was then 
tested in the presence of either ‘BOL 148’ (10-* gm./ 
ml.) or mepyramine (10-° gm./ml.). In each of four 
tests, ‘BOL 148’ completely blocked the reaction but 
mepyramine was without effect when tested similarly, 
as was also atropine (10-7 gm./ml.). 

These results illustrate an important species 
difference in the anaphylactic reaction of the isolated 
actively sensitized uterus. It appears that, in such 
a reaction, histamine plays a major part in the guinea 
pig, whereas in the rat (as in the mouse‘) 5-hydroxy- 
tryptamine plays a more important part than hist- 
amine. However, Brocklehurst’ has recently noted 
that lysergic acid diethylamide did not antagonize 
the Dale-Schultz reaction in a passively sensitized 
rat. Further experiments are now in progress to 
determine the role of 5-hydroxytryptamine in the 
general anaphylactic reaction in various species. 

R. K. SANYAL 
G. B. WEstT 
Dept. of Pharmacology, 
School of Pharmacy, 
17 Bloomsbury Square, 
London, W.C.1. 
‘Humphrey and Jaques, J. Physiol., 128, 9 (1955). 
2? Werxheimer, J. Physiol., 148, 435 (1955). 
° Pallotta and Ward, J. Pharmacol., 119, 174 (1957). 
‘Fink, Proe. Soc. Exp. Biol., 92, 673 (1956). 


5 Brocklehurst, Symposium on  5-Hydroxytryptamine, 
April 1-2, 1957. 


London, 


Inhibition of Ascorbic Acid Oxidase by 
Thiourea 


ALTHOUGH ascorbic acid oxidase is regarded as a 
copper enzyme, thiourea has not been reported as an 
inhibitor of it. Previous reports, in fact, point out 
a lack of inhibition of the oxidase by thiourea!)*, 
although phenol thiourea has been stated to be 
inhibitor**. During a study of the ascorbic acid 
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oxidase of germinating lettuce seed, thiourea inhibi- 
tion ef the oxidase has been observed. Extracts of 
lettuce seeds were prepared and tested for ascorbic 
acid oxidase activity by means of conventional 
Warburg techniques. Direct titration of ascorbic 
acid was ruled out as thiourea interferes in the 
titration. 

Extracts of seeds germinated for 48 hr. in thiourea 
had no activity whatever, while extracts of water- 
germinated seeds had a high oxygen uptake (408 yl./ 
hr./100 mgm. seeds original weight). Seeds germinated 
for such a period in thiourea contain 1-2 mgm. 
thiourea per gm. of dry seeds®. 

In view of the unexpectedness of the results and 
the known germination stimulatory action of thiourea, 
its action was further investigated. 

The effect of thiourea in vitro on the ascorbic acid 
oxidase activity of extracts of lettuce seeds was 
therefore tested. As will be seen from Table 1, the 
inhibition caused by thiourea is very high, of the 
same order as that caused by cyanide. 


INHIBITION OF ASCORBIC ACID OXIDASE OF LETTUCE SEED 
EXTRACTS BY THIOUREA 


Thiourea concentration 


Table 1. 
Inhibition 


0-54 x 10° M 7 per cent 
28 x10°°M 75 per cent 
14 x10"°M 100 per cent 


The inhibition caused by thiourea in vivo could 
not be removed by thoroughly washing the seeds 
germinated in the thiourea. In vitro inhibition was 
not reversed by dialysis of extracts to which thiourea 
had been added. 

From these results it can therefore be concluded 
that thiourea strongly inhibits ascorbic acid oxidase 
activity in vitro and in vivo, presumably due to its 
copper complexing action. 

Further details of this work, as well as on the general 
status of ascorbic acid oxidase activity in lettuce 
seeds, will be published in the Bulletin of the Research 
Council of Israel, Section D, Botany. 


A. M. Maver 


Department of Botany, 
Hebrew University, 
Jerusalem. 
Aug. 4. 

* Ribeiro, D. Da Fonesca, and Cardosa, F. A., Abstr. Ist Biochem. 

Cong., Cambridge, p. 101 (1949). 
ew: and Farkas, G. L., Arch. Biochem. Biophys., 66, 474 

4}. 

* Honda, 8. J., Plant Physiol., $2, 28 (1957). 
* Eichenberger, E., and Thiman, K. V., Arch. Biochem. Biophys., 67, 

466 (1957). 
5 Mayer, A. M., J. Exp. Bot., 7, 93 (1956). 


Metabolism of Pyruvate and «-Keto- 
glutarate in Virus-infected Mouse Brain 


THE metabolism of pyruvate and a-ketoglutarate 
has been studied in normal and virus-infected mouse 
brain by a modified procedure. 

Both these substrates can be metabolized along 
a number of pathways in a crude brain homogenate ; 
but for the purpose of the present work the conditions 
were arranged so as to select the step in which the 
acetyl moiety of the substrate is transferred to co- 
carboxylase (thiamine pyrophosphate). This is a 


dehydrogenase step in which artificial electron 
acceptors may be used’. 
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Table 1. COMPARISON OF THE PYRUVIC OXIDASE ACTIVITIES oF 
NORMAL AND VIRUS-INFECTED MOUSE BRAINS 
Mean Per cent | 
Infection | No. of optical Standard | of normal P 
mice density | deviation mean 
None 20 0-4732 0 -0838 100-00 — 
Sabethes 15 0°3753 0-0778 79°31 <0-01 | 
Senger 17 0-3066 0 -0685 64-79 <0-001 | 
EMC 18 0-3671 0-0639 77-58 <0-001 | 
GD VII 23 0°3798 0-0677 80 -26 <0-001 
V 20 0-3972 0 -0984 83 -93 0-03 
Hem. A 26 0-3275 0-0862 69-21 < 0-001 
Mengo 18 0-3013 0-0633 63 -67 <0-001 
NWS 17 0 -4063 0-1135 85 -86 0-03 














The mouse brain was homogenized in M/15 phos- 
phate buffer of pH 8-0 containing 1 per cent gelatin 
to protect the enzyme, then 0-2-ml. aliquots were 
incubated for 30 min. at 38°C. with 0-5 ml. gelatin 
buffer, and pyruvate (or «-ketoglutarate), 10-? / ; 
magnesium sulphate, 10-? /; potassium malonate, 
10-* M ; 2:3:5-triphenyltetrazolium chloride, 5 mgm. 
and methylene blue 1/2,500 ; all expressed as final con- 
centrations in a total volume of 2 ml. The tetrazolium 
was not reduced directly in the presence of the 
enzyme, but the methylene blue acted as a hydrogen 
carrier. Malonate was added in order to interrupt 
the tricarboxylic acid cycle. After incubation, the 
triphenylformazan was taken into solution with 
glacial acetic acid and extracted into toluene, and 
the optical density was determined in a spectro- 
photometer at a wave-length of 495 mu. In each 
determination a blank was set up, identical in every 
respect with the test except for the omission of sub- 
strate. Each reading was made against its blank, 
which represented the unspecific dehydrogenase 
activity of the tissue. 

The following neurotropic viruses have been 
studied so far: Hzmagogus A, neurotropic vaccinia, 
the NWS strain of influenza, encephalomyocarditis, 
GD VII, Mengo, Sabethes and Senger. Details of 
these viruses are the same as given in a previous 
publication’. The mice were inoculated intracere- 
brally, then, at the height of the infection, they were 
killed with ether and the enzyme activity of the 
brain was assayed. 

As will be seen in Table 1, all these virus-infections 
caused a decrease in enyzme activity. When pyruvate 
was the substrate the fall was quite large, the normal 
activity being reduced by 15-37 per cent, according 
to the strain of virus. With «-ketoglutarate, however, 
a much smaller decrease was observed. 

In investigating factors involved in this fall in 
enzyme activity it was noted that the addition of 
co-carboxylase would restore the activity of virus- 
infected brain homogenate almost to that of the 
normal value. It seems evident, therefore, that the 
technique used for measuring enzyme activity is a 
fairly sensitive indicator of the co-carboxylase 
content of the system; the low enzyme activity 
found in the virus brains could therefore be a reflexion 
of a depleted co-carboxylase activity of the tissue. 
For this experiment, each mouse brain homogenate 
was set up in duplicate, then to one of these duplicates 
were added 50 ugm. of co-carboxylase, adjusted to 
pH 8-0, and thiamine sufficient to give a final con- 
centration of 10-? M. In place of the phosphate 
buffer, a 0-1 M sodium pyrophosphate—hydrochloric 
acid buffer was used. The thiamine and sodium 
pyrophosphate were added in an attempt to reduce 
the breakdown of co-carboxylase by phosphatases 
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Table 2. THE EFFECT ON PYRUVIC OXIDASE ACTIVITY OF ADDITION 
oF CO-CARBOXYLASE TO NORMAL AND VIRUS-INFECTED BRAIN 
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PREPARATIONS 
Mean optical density* 

Brain No. of Increase 
prepara- | observa- No + Co- (per P 

tion tions addition | carboxylase cent) 
Normal 9 0 -3502 0 -4220 17 0-03 
Hem. A 9 0:2139 03364 37 <0-001 
infection 























* A lower enzyme activity was consistently recorded when pyro- 
phosphate buffer was used in place of Serensen’s phosphate buffer. 
present in the brain homogenate. The results of a 
typical experiment are summarized in Table 2. 

It is perhaps relevant to note that it has long been 
recognized that many of the terminal signs of virus 
encephalitis resemble those of experimental vitamin B, 
deficiency, and although the depletion of co-car- 
boxylase is not so profound in these as has been 
observed in experimental B, deficiency, it seems 
nevertheless possible that this observed depletion 
contributes to the terminal signs of virus encephalitis. 

Spizizen® has recently reported that in phage- 
infected EH. coli the pyruvate metabolism falls to 
zero, but it can be restored by the addition of 
co-carboxylase. 

P. L. BrapLEy 


Wellcome Laboratories of Tropical Medicine, 
183-193 Euston Road, 
London, N.W.1. 


1 Schweet, R. S., and Cheslock, K., J. Biol. Chem., 199, 749 (1952). 
* Bauer, D. J., and Bradley, P. L., Brit. J. Exp. Path., 37, 447 (1956). 
* Spizizen, J., Biochim. Biophys. Acta, 23, 333 (1957). 


Ineffectiveness of Selenium in the 
Treatment of Nutritional Muscular 
Dystrophy in the Rabbit 


Iv has been found recently that selenium is effective 
in the prevention of two experimental syndromes 
induced by feeding a vitamin E-deficient diet. These 
are exudative diathesis in the chick (Stokstad, 
E. L. R., private communication) and necrotic liver 
degeneration in the rat}. Factor ITI, an unidentified 
substance in addition to vitamin E and cystine 
having protective activity against liver necrosis, has 
been identified as selenium. These reports pose the 
question whether selenium may have tocopherol- 
replacing properties with respect to muscular dys- 
trophy, the classical symptom of vitamin E deficiency 
in the young of most species. 

Eight New Zealand white rabbits were fed a 
tocopherol-deficient diet containing 35-4 per cent 
‘Cerelose’, 37 per cent corn starch, 15 per cent 
casein, 5 per cent molecular distilled lard, 4 per cent 
salts, 3 per cent cellulose and a complete vitamin 
mixture except for vitamin E. Creatine and creati- 
nine in the urine were determined at intervals accord- 
ing to a modification of the procedure of R. 8. Hare*. 

After six weeks on the depletion diet the animals 
exhibited the well-known symptoms of muscular 
dystrophy and an increase in the creatine : creatinine 
ratio to 2-4:1. Six rabbits were treated intra- 
muscularly with either 20 ugm. or 100 ugm. selenium 
per day as sodium selenite. Administration of this 
compound for periods up to 17 days elicited no 
response in the symptoms of dystrophy or in the 
level of creatine excretion. Administration of DL-a- 
tocopheryl acetate orally at a rate of 15 mgm. per 
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day to two controls induced a remission of symptoms 
and creatinuria in about five days. 

These results indicate that nutritional muscular 
dystrophy is of more specific etiology than exudative 
diathesis or liver necrosis. 

H. H. DRraPer 

Division of Animal Nutrition, 

University of Illinois, 
Urbana. 


1 Schwarz, K., and Foltz, C. M., J. Amer. Chem. Soc., 79, 3292 (1957). 
* Hare, R. S., Proc. Soc. Exp. Biol. and Med., 74, 148 (1950). 


Induction of Mouse Leukemia with 
Purified Nucleic Acid Preparations 


REcENT studies by Gross! and others** have 
shown that leukemia with immunogenetic character- 
istics of the recipient strain can be induced in certain 
low-leukzmia-incidence strains of mice by injecting 
into newborn animals cell-free extracts of tissues of 
certain high-leukemia strains. Although the active 
leukemogenic agent has been referred to as a virus, 
direct evidence on this point has been lacking. At 
present it can be said only that the agent is filtrable 
and thermolabile, and is transmitted in certain fam- 
ilies of mice from one generation to another directly 
through the embryos. Under certain poorly defined 
conditions, cell-free extracts of leukemic organs 
may also produce parotid gland tumours, sarcomas 
and perhaps other neoplasms, indicating that the 
active agent is either multipotent or that extracts 
contain several oncogenic agents. 

It is evident, therefore, that while this phenomenon 
could be due to the transfer of discrete infective 
virus particles (here defining ‘virus’ in conventional 
terms which exclude the so-called provirus), it could 
also be visualized either as a process analogous to 
transduction by an agent resembling lysogenic 
bacteriophage (wherein the active nucleic acid would 
reside within a more complex deoxyribonuclease- 
resistant particle) or to bacterial transformation 
(wherein the active agent is free deoxyribonucleic 
acid). 

The present report describes a series of experi- 
ments in which the incidence of leukemia was 
apparently increased in a hybrid strain by injection 
into newborn mice of purified nucleic acid prepared 
from the lymphoid tissues of a high-leukemia donor 
strain. 

In a preliminary experiment, cell-free extracts were 
tested according to the method of Gross. ‘Selas’- 
filtered extracts of the leukemic tissues of AKR mice 
were injected into newborn mice of two low-leukemia 
strains, C3H,/Gs and C57BR/cd, and into C3Hy 
(female) x AKR (male) F, hybrids. The results 
shown in Table 1 essentially confirm the basic observ- 
ations of Gross. 

In the next experiment (Table 2), mice were 
injected under similar conditions with saline sus- 
pensions of deoxyribonucleic acid and ribonucleic 
acid that had been isolated from non-leukemic and 
leukemic organs of AKR mice. The nucleic acids 
were isolated by a general method reported to yield 
active transforming deoxyribonucleic acid from 
pneumococci‘ and to disrupt tobacco mosaic virus’ 
and various EZ. coli bacteriophages*. Frozen, freshly 
collected lymphoid tissues (spleens and lymph nodes) 
were homogenized in 0-01 M versene at pH 7 and 
treated with 15 per cent sodium dodecyl sulphate 
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Table 1. te nt OF LEUK&ZMIA IN THREE STRAINS OF MICE 
RECEIVING CELL-FREE (‘SELAS’ FILTERED) EXTRACTS OF LEUKAEMIC 
AKR Mouse TissvEs IN THE NEWBORN PERIOD 

Mean age of 
Strain Total Leukemia leukemia 
animals development 
C3Hy/Gs Injected 36 10 (27°8%) | 8-7 months 
Controls 83 0 _ 


Injected 47 7 (14-9%) | 10-3 months 
Controls 120 4 (3-3%) | 18-5 months 
11 (216%) | 9-5 months 
5 (7°7%) 9-4 months 


C57BR/cd 


a be AER F, | Injected 51 
Controls 65 























at pH 7-5 at 25° for 18 hr. After removal of sodium 
dodecyl sulphate at 0° as the insoluble potassium 
salt, the extract was deproteinized in the cold at 
pH 4-3 in the presence of 10 per cent sodium xylene 
sulphonate. After neutralization, the nucleic acids 
were precipitated by the addition of an equal volume 
of 98 per cent isopropyl alcohol. The isolated nucleic 
acids were dissolved in a minimum amount of water 
and sodium xylene sulphonate was added to a con- 
centration of 30 per cent at pH 7-5 (to dissociate 
any residual nucleoprotein). After the addition of 
two volumes of water, the deproteinization was 
repeated at pH 4-3 and 0°. The nucleic acids were 
re-precipitated with isopropyl alcohol, isolated, re- 
dissolved and fractionally precipitated with 0-7 vol. 
isopropyl alcohol in the presence of 0-3 M sodium 
acetate and 0:01 M versene. The resulting precipitate 
of deoxyribonucleic acid and ribonucleic acid (in 
almost quantitative yield) was finally washed with 
ethyl alcohol and dissolved to a concentration of 
0-1 per cent in sterile 0-85 per cent sodium chloride 
and stored frozen until used. 0-1 ml. of this material 
was injected into newborn mice. 

As shown in Table 2, seventeen C3H;/Gs and forty- 
one C57BR/cd animals were injected with the nucleic 
acid preparations from leukemic AKR tissues. No 
leukzmias developed in these animals. Of the twenty- 
three C3Hy x AKR F, hybrid animals injected with 
non-leukemic AKR deoxyribonucleic acid —ribo- 
nucleic acid, six developed leukemia. Five of eight 
animals receiving deoxyribonucleic acid — ribonucleic 
acid from leukemic AKR organs developed leukemia. 
Five spontaneous leukemias occurred in two litters 
out of fourteen non-injected control litters (sixty-five 
animals). All these results are statistically significant 
at 5 per cent level with the x? test. 


Table 2. INCIDENCE OF LEUKZMIA IN THREE STRAINS OF MICE 
RECEIVING NUCLEIO ACID PREPARATIONS (DNA-RNA) OF AER 
Movuss TISSUES IN THE NEWBORN PERIOD 








Mean age of 
Strain Total Leukemia leukemia 
animals development 
Injected with 
C3Hy/Gs leukemic AKR 
DNA-RNA 17 0 — 
Controls 83 0 — 
Injected with 
C57BRicd| leukemic AKR 
DNA-RNA 41 0 — 
Controls 120 4 (3-°3%) | 18-5 months 
Injected with 
non-leuksemic 
AKR DNA- 
RNA 23 >31 1 6 11 11-4 months 
wr’ x Injected with (354%) 
AER F, | leukemic AKR 
hybrid DNA-RNA 8 5 11-3 months 
Controls 65 5 (7°7%)]| 9-4 months 
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It is emphasized that the deoxyribonucleic acid — 
ribonucleic acid from the non-leukemic AKR mice, 
as well as that from the leukemic animals of the same 
strain, was apparently active in producing an incidence 
of leukzmia in the hybrids comparable to that of 
cell-free extract injected animals. 

Two of the leukemias developing in the deoxyribo- 
nucleic acid—ribonucleic acid-injected group and 
one in the non-leukemic deoxyribonucleic acid — 
ribonucleic acid group were transferred by cells to 
F, hybrid animals and to animals of the two parent 
strains. The tumour grew progressively, resulting in 
death of the hybrid recipients, but did not grow in 
AKR or C3H animals. 

These preliminary results in hybrid animals suggest 
that free nucleic acid is leukzemogenic, although the 
possibility is not ruled out that a virus or provirus 
is, in fact, the active agent in cell-free extracts, 
and that our preparations contain active virus nucleic 
acid. It is unlikely, however, that intact active virus 
could survive the nucleic acid isolation procedure. 
Experiments are now in progress to test the activity 
of deoxyribonucleic acid — ribonucleic acid obtained 
from the tissues of low-leukemia mice and from other 
species and to determine the effect on active cell-free 
extracts of deoxyribonuclease and ribonuclease. A 
full report of these investigations will be published 
separately. 

This work was performed under contract No. 
AT(04-1)-GEN-12 between the Atomic Energy Com- 
mission and the University of California at Los 
Angeles. 
EstHer F. Hays 
Norman S. Simmons 
Writu1aM 8. Beck 

Atomic Energy Project, 

University of California, 

Los Angeles, California. 

1 Gross, L., Proc, Soc. Exp. Biol. and Med., 26, 27 (1961). 

* Furth, J., Buffett, R., Banasiewicz-Rodriguez, M., and Upton, A. C., 
Proc. Soc. Exp. Biol. and Med., 93, 165 (1956 3). 

* Stewart, S. E., J. Nat. Cancer Inst., 16, 41 (1955). 

« Ephrussi-Taylor, H., “A Symposium on the Chemical Basis of 
Heredity” (edit. McElroy, W. D., and Glass, B., 299-320 (The 
Johns Hopkins Press, Baltimore; 1957). 

5 Sreenivasaya, M., and Pirie, N. W., Biochem. J., 82, 1707 (1938). 

* Mayers, V. L., and Spizigen, F., J. Biol. Chem., 210, 877 (1954). 


Sensitization by Estradiol to the 
Production of Experimental 
Nephrocalcinosis 


EARLIER experiments showed that excessive oral 
administration of mono- or dibasic-phosphates 
produces nephrocalcinosis in the rat, and that these 
renal lesions are aggravated by mineralocorticoids, 
such as deoxycorticosterone'-*. Recent experi- 
ments revealed that, under similar experimental 
conditions, the nephrocalcinosis produced by oral 
administration of acid sodium phosphate is not 
aggravated by methyltestosterone, progesterone, 
corticosterone, A}-cortisol acetate, or A}-cortisone 
acetate, but curiously, cestradiol proved to be even 
more effective in this respect than deoxycorticos- 
terone. It has long been known that folliculoid or 


‘estrogenic’ hormones exert a pronounced effect on 
calcium metabolism in birds, presumably because in 
the avian species the production of calcified egg shells 
is closely related to the action of sex hormones. In 
mammals, on the other hand, folliculoids do not 
exert any comparably pronounced effect upon caleium 
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Table 1 
Bae 3 Duration | 
NaH,PO,| Nephro- | Mortality | or experi- 
Group | Cistradiol | (per cent) | calcinosis | (per cent) ment 
(Scale 0-3) (days) 
~~ 7] none 10 0-6 0 12 
II | 500 wgm. 10 2:2 40 12 
“Ti | _ none 10 0-2 0 15 
IV | 500 uwgm. 10 2-3 10 15 
Vv | none 20 02 0 5 
VI | 500 ugm. 20 s 100 5 
VIL none 30 1:3 0 9 
| VIII | 500 ugm. 30 3-0 80 9 




















* All animals in this group died within first three days, hence there 
was insufficient time for the development of marked nephrocalcinosis ; 
besides, the intensity of calcification could not be compared with that 
of the corresponding controls (Group V), since the latter were killed 
on the fifth day. 
metabolism, and, therefore, the production of intense 
nephrocaleinosis by cestradiol (when given in com- 
bination with phosphates) was made the subject of 
a special study. 

Eighty female Sprague-Dawley rats with an 
average body-weight of 100 gm. (range: 95-111 gm.) 
were subdivided into eight equal groups and treated 
as indicated in Table 1. 

(Estradiol was administered in the form of micro- 
crystals at the daily dose of 500 ygm. in 0-2 ml. of 
water, subcutaneously. Aqueous solutions of acid 
sodium phosphate were given, by stomach tube, in 
two daily doses of 2 ml. 

The degree of nephrocalcinosis was estimated both 
macroscopically (judged by the appearance of whitish 
spots on the outer and cut surface of the kidneys) 
and microscopically (after staining neutral-formalin- 
fixed, paraffin-embedded sections with Kossa’s silver 
nitrate technique). The intensity of the calcification 
was gauged in terms of an arbitrary scale of 0-3, the 
means of the readings in each group being listed in 
Table 1. 

It is evident from Table 1 that, under our experi- 
mental conditions, the 10 per cent acid sodium phos- 
phate solution in itself caused only traces of nephro- 
calcinosis, but resulted in marked renal calcification 
when given conjointly with cestradiol. Otherwise 
untreated rats tolerated even 20 or 30 per cent acid 
sodium phosphate under these conditions, while in 
animals simultaneously treated with cestradiol, these 
concentrated phosphate solutions resulted in a high 
mortality and an aggravation of the nephrocalcinosis. 

Since cestradiol is completely devoid of mineralo- 
corticoid, and deoxycorticosterone of folliculoid 
actions, the enhancement of nephrocalcinosis appears 
to be an ‘independent steroid hormone action’, in the 
sense in which this term has been defined‘. 

This work was supported in part by the Gustavus 
and Louise Pfeiffer Research Foundation, by the 
Department of Health and Welfare of the Province of 
Quebec and by the Schering Corporation, which also 
generously supplied the cestradiol (‘Progynon’) used 
in these experiments. 

H. SELYE 

Institut de Médecine et de Chirurgie 

expérimentales, 
Université de Montréal, 
Montreal. Aug. 12. 


‘ Friedman, 8S. M., Friedman, C. L., and Polley, J. R., Amer. J. 

; Physiol., 153, 226 (1948). 

* Selye, H., and Bois, P., Acta Endocrinol., 22, 330 (1956). 

*Selye, H., Mintzberg, J., and Rowley, E. M., J. Pharmacol. and 
Exp. Therap., 85, 42 (1945). 

‘Selye, H., Rev. Canad. Biol., 1, 577 (1942). 
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Fluoride Removal by Powdered Dental 
Enamel from Solutions of Stannous or 
of Sodium Fluoride 


In 1955, Hatton, Nebergall and Muhler’ described 
an experiment in which powdered enamel samples 
were shaken in dilute solutions of stannous fluoride 
or of sodium fluoride that initially contained equiva- 
lent concentrations of fluoride. Much more fluoride 
was removed (presumably taken up by the enamel) 
from the stannous fluoride solution; for example, 
when the final concentrations of fluoride were 17 ygm./ 
ml., 7-8 times as much fluoride was removed from 
the stannous as from the sodium fluoride solution. 
Hatton et al. suggested that the greater initial 
acidity of the stannous fluoride solutions may have 
been in part responsible*. Another important pH 
effect was overlooked by Hatton et al., namely, 
shaking with powdered enamel increased the pH of 
the solutions, markedly for stannous fluoride and 
detectably for sodium fluoride. Stannous fluoride 
solutions are not stable when the pH increases and 
even at acid pH’s on standing. Nebergall, Muhler 
and Day® described the opalescence, “probably 
stannous hydroxide” (contained less than 0-01 per 
cent fluorine), which developed and was ultimately 
precipitated from a solution of pH 2-38. We found 
that by increasing the pH of stannous fluoride solu- 
tions in the absence of enamel, precipitates were 
formed which contained larger percentages of fluoride 
(> 0-01 per cent fluoride) that might account at 
least in part for the greater amount of fluoride 
removed from stannous fluoride solutions. Amor- 
phous precipitates were seen microscopically along 
with the centrifuged enamel particles when powdered 
enamel was shaken with stannous fluoride solutions. 

Solutions of stannous fluoride (initial pH, 3-5) were 
prepared according to Nebergall* containing approxi- 
mately 40 p.p.m. fluorine. The pH was adjusted 
using a dilute sodium hydroxide solution to approxi- 
mately 4-5; the solution was protected from air and 
shaken mechanically for 24 hr. Following centri- 
fugation an aliquot of the supernatant solution was 
taken for fluoride analysis. The precipitate was 
resuspended, the pH adjusted to approximately 5-5 
and the mixture stirred for another day. This 
process with increments of pH was repeated daily for 
eight days ; the pH on the final day was brought to 
8-6 before the final 24-hr. agitation. Fluoride analyses 
of the supernatant solution showed that as the pH 


Table 1. OVERALL AMOUNTS OF FLUORINE (vGM.) IN 50 ML. OF 

STANNOUS OR SODIUM FLUORIDE SOLUTIONS BEFORE AND AFTER 

SHAKING WITH 1 GM. OF ENAMEL. ESTIMATES OF FLUORINE REMOVED 
FROM SOLUTION BY ENAMEL AND BY PRECIPITATION 











— — 
solution 
Initial Sodium fluoride 
fluorine Estimate of solution. Fluor- 
Hatton | Present | fluorine removed | ine removed by 
et al. series by enamel only enamel 
(a) (b) ( ¢) (b-e) (d) 
100 50 0 50 52 
250 150 135 15 65 
500 300 175 125 145 
750 475 275 200 175 
1,000 600 375 225 225 
1,250 750 476 275 225 
,500 900 575 325 250 
1,750 1,050 700 350 250 
2,000 1,200 750 450 250 























a, Interpolated values, see text; 6, fluorine removed from solution 
shaken with enamel (Hatton e¢ al., ref. 1); c, fluorine removed from 
solution by alkalinization to pH 6°5; d, Hatton et al. (ref. 1). 
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Fig. 1. Interpolated data on fluoride removed by powdered enamel 

from solutions of stannous fluoride or of sodium fluoride. Initial 

concentrations ranged from 2 to 40 p.p.m. fluorine, expressed 
(abscissal) as total wgm. fluorine per 50 ml. of solution 


was raised to 6-5, more and more fluoride was removed 
from solution. At higher pH’s fluoride redissolved. 
From a graph of fluoride concentrations in the super- 
natant solution before and after each increment in 
pH, the pgm. of fluorine removed (column c, Table 1) 
could be read by interpolation at an arbitrarily chosen 
series of initial concentrations of fluorine (column a). 
From a similar graph of the results of Hatton et al. on 
stannous fluoride solutions shaken with enamel, the 
ugm. of fluoride removed were read at the same 
interpolated initial concentrations (column 6). We 
propose that these are the over-all amounts removed : 
(1) by fixation on enamel, plus (2) that in the pre- 
cipitated amorphous material. Differences (that is, 
the fluorine fixed by enamel (columns b-c)) are plotted 
in Fig. 1 (triangles) ; the amounts of fluorine removed 
from sodium fluoride solutions (column d) are included 
(circles). With the possible exception of the points at 
the higher concentrations (extreme right), no discrim- 
ination can be drawn between results from stannous 
fluoride and sodium fluoride solutions. At the higher 
concentrations more fluoride may have been taken 
from the stannous fluoride solutions ; however, the 
differences are not great and the higher initial acidity 
may be responsible’. 

In confirmation, powdered enamel samples were 
shaken with solutions containing about 30 p.p.m. 
fluorine as stannous fluoride (initial pH 3-5) or as 
sodium fluoride (initial pH 3-0) for periods of 6 hr. 
Fluoride analyses of supernatant solutions following 
centrifugation showed again that more fluorine was 
removed from the stannous fluoride than from the 
sodium fluoride solution. The particles were resus- 
pended in distilled water and then, by means of a 
coarse filter and washing with distilled water, the 
enamel particles were separated mechanically from 
the amorphous precipitate that had formed in the 
stannous fluoride solution. We could account for the 
extra fluoride initially removed from the stannous 
fluoride solution by analyses of the washings con- 
taining the amorphous precipitate. 

In summary, approximately equivalent amounts of 
fluoride were removed by powdered enamel from 
solutions of the same initial fluorine concentrations of 
stannous fluoride or of sodium fluoride. An amor- 


phous precipitate separating from stannous fluoride 
solutions shaken with powdered enamel contained 
additional fluoride. 

This work was supported in part by the Procter 
and Gamble Company and in part by the United 
States Atomic Energy Commission at the University 
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Denaturation of Fish Proteins 


REPORTING on the influence of freezing-rate on the 
denaturation of cold-stored fish, Love! states that 
organoleptically determined toughness of cod, stored 
at — 30°C., does not always involve decreased pro- 
tein solubility. 

In my experiments, using Dyer’s* extraction method 
with 5 per cent sodium chloride solutions adjusted 
to pH between 7-0 and 7-5, the content of soluble 
nitrogen of quick-frozen cod samples, stored at 
different temperatures, determined by micro-Kjeldahl 
determination, was compared at regular intervals with 
the organoleptically determined toughness after 
boiling. 

In the samples stored at — 10°C. a close relation 
was always found between increase of toughness 
after boiling and decrease of the ratio soluble nitrogen/ 
total nitrogen, as reported by Dyer*. However, in 
samples stored at — 20°C. and — 30°C. this correla- 
tion was absent. Typical curves for changes in 
toughness and nitrogen solubility are given in Fig. 1. 
All samples had been frozen in an airblast-freezer, 
the time necessary for cooling the centre of the fish 
from 0°C. down to — 5°C. being about 20 min. 
The rather low soluble-nitrogen content just after 
freezing may be explained by the results of Ironside 
and Love‘, who found low values for big fish, especially 
when the samples contained mycommata tissue, such 
being the case with our samples. The rather low 
initial consistency values reflect the toughness of 
frozen fish, which is always greater than that of 
unfrozen fish. 
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Fig. 2. Decrease of soluble nitrogen, expressed as per cent of 
total nitrogen, in cod, frozen in fresh condition (B) and in spoiled 
condition (A) and stored at — 10° C. 


These results indicate that in practice the determ- 
ination of soluble nitrogen (or protein) expressed as 
percentage of the total nitrogen, cannot be used as 
an objective standard for the toughness of cold-stored 
fish, because substantial toughness need not be 
related with a considerable decrease in the soluble- 
nitrogen content. 


Experiments with cod, quick-frozen at different - 


degrees of freshness and stored at — 10°C., proved 
that in samples frozen in fresh condition, protein 
denaturation is quicker and proceeds down to a lower 
level of soluble nitrogen than in samples frozen in a 
condition of rather advanced spoilage (Fig. 2). This 
indicates that the action of bacteria and enzymes 
decomposes the proteins to such a degree that they 
are less liable to denaturation. 

Hitherto, protein denaturation in frozen white fish 
has always been considered to be connected with 
toughness*:5, Therefore, it can be understood that 
this denaturation has been stated to be fundamentally 
different from protein denaturation caused by heating. 
Usually the denaturation phenomena in frozen fish 
are seen as @ result of the action on the soluble pro- 
teins of concentrated salt solutions, originating from 
the liquid in and around the cells when pure water 
freezes out®,6, 

Some observations of denaturation of meat proteins 
at temperatures above the freezing point are known’, 
In fresh fish we have never been able to demonstrate 
protein denaturation at temperatures from — 1 to 

+ 24°C. However, this does not prove that at these 
temperatures fish proteins could not be liable to 
heat denaturation at all. It might be possible that 
the rate at which the proteins are broken down by 
the action of bacteria and enzymes is so high that no 
denaturation at all can be demonstrated. We tried 
to prove this hypothesis by storing sterile native fish 
proteins at temperatures above the freezing point. 
In a few samples, cod tissue sterilized by y-irradia- 
tion in hermetically sealed cans and afterwards stored 
at respectively +10° and + 24°C., we were able to 
demonstrate protein denaturation. To get sterile 
Samples, a radiation dose of 0-5 x 10 rad was 
necessary. Due to this irradiation the soluble-nitrogen 
content decreased from 88 to 47 per cent. During 
Storage at 10°C. for 13 days the soluble-nitrogen 
content in two samples decreased further to 26 and 
27 per cent respectively. In three samples stored at 
24°C. for 16 days the soluble-nitrogen content de- 
creased to 22, 23 and 24 per cent respectively. At 
both temperatures, samples were taken only once, 
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and therefore these results do not give any indica- 
tion about the velocity of the denaturation. All 
that can be said in this respect is that the 
samples stored at 10°C. for 13 days had not yet 
reached their minimum content of soluble nitrogen 
by then. After boiling, the soluble-nitrogen content 
in an identical sample that had not been irradiated 
was 24 per cent. The minimum value found in 
non-irradiated samples stored for a very long time 
at — 10°C. is about 20 per cent. 

The experiments described, so far as we are dealing 
with irradiated samples, have the disadvantage that 
by the irradiation itself, much protein is denatured 
and it might be possible that the denaturation during 
storage has been induced by the irradiation. 

Experiments with aseptically dissected sterile fish 
tissue are in progress. 

The irradiation of the cod tissue was kindly per- 
formed by the Atomic Energy Research Establish- 
ment at Harwell, Berks. 

A. F. M. G. LuwPEen 


Fisheries Department, 
Central Institute for Nutrition Research T.N.O., 
Ijmuiden, The Netherlands. 
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Role of Structural Degradation in the 
Loss of Serological Activity of Ovalbumin 
irradiated with Gamma-Rays 


ALTHOUGH it has long been known that ionizing 
radiations cause denaturation of proteins, as defined 
by loss of solubility at the isoelectric point, it is yet 
not known to what extent denaturation is correlated 
with the radiation loss of biological function. In 
addition to the denatured constituents, irradiated 
proteins such as ovalbumin and hzmoglobin contain 
a broad band of structurally injured molecules, 
characterized by their increased thermal lability with 
respect to denaturation’. Experiments were per- 
formed to establish the part played by these various 
kinds of structural degradation reactions in the loss 
of serological activity of ovalbumin irradiated with 
y-Tays. 

Ovalbumin was irradiated in lyophilized form 
(8-10 per cent water) in vacuum at 0° C. in a homo- 
geneous y-ray field of 1-5 x 10¢ r./h. and afterwards 
completely dissolved in aerated water at pH 7-9 
sodium hydroxide, 0° C. Proteins were characterized 
serologically by measuring at 0° C., pH 7-2, the 
precipitations formed from the reaction of various 
quantities of antigen with a fixed quantity of anti- 
native rabbit serum. The entire range of combining 
proportions was studied; however, the precipitin 
curves in Fig. 1 represent only the precipitations 
formed near the peaks, that is, from the region of slight 
antigen excess to the region of slight antiserum excess. 

For ovalbumin preparations irradiated so as to 
absorb up to 100 electron volts per protein mole- 
cule, the effect of irradiation is to shift the pre- 
cipitin curves parallel to the abscissa towards the 
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native ovalbumin (N); irradiated ovalbumin—dose 60 eV./mole- 

cule y-rays (J); and residual protein obtained after removing the 

irradiation-denatured fraction from J(S,). The arrows indicate 
the position of the peaks on the abscissa 


side of higher antigen concentrations, with no 
systematic change in the form of the curves (Fig. 1), 
so far as can be established with our present tech- 
niques. An irradiated ovalbumin system behaves 
thus essentially as a mixture of protein molecules 
which have either completely retained or completely 
lost their original serological activity. This suggests 
that the essential underlying mechanism involves 
structural degradation rather than localized chemical 
changes in the protein-molecule. The fraction of 
apparently serologically intact protein molecules— 
termed the serological activity of the system—was 
obtained as the ratio of the abscisse of the peaks of 
the precipitin curves for the native and the irradiated 
system. 

It would be easiest to understand these observations 
if the loss of serological activity resulted wholly from 
denaturation ; but this is not thecase. The denatured 
protein was obtained by precipitating it at 0° C., 
pH 4-85, the approximate isoelectric point of both 
the radiation altered and native protein species’. 
Curves representing serological activity and non- 
denatured protein as functions of radiation dosage 
are shown in Fig. 2. The former curve lies con- 
siderably below the latter. Thus, even if the radiation- 
denatured protein were serologically completely 
inactive, as further study showed it not to be, it would 
account for only a fraction of the loss of serological 
activity. The G values for initial loss of serological 
activity and initial denaturation were respectively 
1-25 and 0-64. 

That the loss in serological activity was too large 
to be accounted for by denaturation was shown also 
by precipitating the denatured constituents (D) from 
the irradiated system (J) and measuring the serological 
activity of the supernatant (S,). The precipitation 
curve for S, lay a considerable distance to the 
right of the precipitation curve for the native oval- 
bumin (N) (Fig. 1). 

On the basic assumption of the all-or-none mechan- 
ism, the serological activity A(D) of the denatured 
fraction may be calculated from : 


A(I)=(D}-A(D) +(1—[D))-A(S,) (1) 
where A(J) and A(S,) represent the serological 
activities of I and S, respectively and [D] is the 


fraction of denatured protein in J. From this equa- 
tion, A(D) can be calculated from observed quantities. 
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The average value of A(D) thus calculated was 
A(D)=0-16 with no apparent dependence on radiation 
dosage in the range studied. It appears as if the 
serologically active sites were left intact in 16 per 
cent of the denatured constituents. 

In order to establish the serological role of the 
extra-labile constituents of S,, a portion of the most 
highly injured constituents was removed by heating 
S, for 6 hr. at 50-0° C., pH 7-2. This treatment 
produced only a trace of denaturation in the native 
protein, but caused average denaturation of 38 per 
cent of the protein of S, of samples that received a 
dosage of 60 eV./molecule. The heat-denatured pro- 
tein was precipitated by adjusting pH to 4-85. The 
precipitation curve for the neutralized supernatant S, 
was determined. The form of this curve was the 
same as that of the native ovalbumin, but its position 
in the co-ordinate system relative to that of S, was 
shifted toward, but was still slightly to the right of, 
the native. 

Further differential removal of the extra-labile 
constituents was affected by heating S, at 62-0° C., 
pH 7-2 and precipitating at pH 4-85. «Among pre- 
parations of ovalbumin that had been prepared in 
the dosage range 30-60 eV./molecule, the serological 
activity of the supernatants was experimentally 
indistinguishable from that of the native ovalbumin 
after four hours of heating. 

Control experiments on the native protein showed 
that heating under the conditions used was without 
influence on the serological activity of the non- 
denatured portion of the system. If we assume that 
this is true also for the irradiated systems, our 
observations prove that the loss of serological activity, 
after removal of the denatured protein, is mainly 
associated with the thermolabile constituents, and 
particularly those of low stability. By using an 
analogue of equation (1), we can calculate the 
serological activity of the fractions removed during 
the various stages of the heat treatments used. The 
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Fig. 2. Effect of radiation dosage on properties of solutions of 
oveibumia irradiated with y-rays. Each point represents the 
average of values obtained from three experiments 
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average value found in three experiments carried 
out with a dosage of 60 eV./molecule was 0-4 for the 
fraction removed at 50°C., pH 7-2, 6 hr. 

Huco Fricke 

CHarLes A. LEONE* 

WENDELL LANDMANN 


No. 4599 
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Transaminases of Leishmania donovani, the 
Causative Organism of Kala-azar 


WuiLeE making a systematic investigation into the 
role of individual amino-acids on the nutritional 
requirements of Leishmania donovani, a protozoal 
parasite causing the disease kala-azar, strong trans- 
aminase activities were detected in the cell-free 
extracts of this organism. LL. donovani, strain 81, 
cultured on Ray’s medium at 22-24° C. was used for 
this investigation. After growth for three days on this 
medium the organism was scraped from the surface 
of the agar, washed once with isotonic saline, and then 
ground with sand, with gradual additions of distilled 
water. The crushed suspension was centrifuged at 
2,500 r.p.m. for 10 min. and the supernate was used 
as the crude enzyme extract. 

Transaminase activities were demonstrated by 
incubating the enzyme extract with either «-keto- 
glutarate or pyruvate and the corresponding NH,- 
group donors like amino-acids, amino-acid amide, 
glucosamine, adenine, etc., when formation of glutam- 
ate or alanine was noted. For the identification and 
approximate quantitative determination of the 
amino-acids in the reaction products, paper chromato- 
graphy by the ascending method was used. The incu- 
bation mixture for the assay of the enzyme activity 
consisted of 1 ml. of the crude extract (containing 
nearly 1 mgm. protein N/ml.), 1 ml. 0-13 M amino- 
acids or other amino donors, 0:5 ml. 0-25 M keto- 
acid, 0-5 ml. 0-05 M phosphate buffer (pH 7-8) in a 
total volume of 5 ml. The temperature of incubation 
was maintained at 32°C. Amino-acids used were 
all of DL-varieties, unless otherwise mentioned. 

The presence of both «-ketoglutaric and pyruvic 
transaminase activities with a number of amino-acids 
was demonstrated. With «-ketoglutarate, the highest 
transaminase activities were observed with aspartic 
acid, histidine, methionine, lysine, cysteine, both 
a- and B-alanines, phenylalanine, tyrosine and trypto- 
phan, lower activity with valine, ornithine, arginine, 
proline, threonine, nor-valine, nor-leucine, taurine, 
serine and glycine, whereas very feeble or negligible 
transamination occurred in the presence of hydroxy- 
proline. With pyruvate, on the other hand, the 
highest transaminase activities were found with 
arginine, histidine, methionine, ornithine, phenyl- 
alanine and tyrosine; lower activities with lysine, 
$-alanine, typtophan, glutamic acid, serine, isoleucine, 
leucine, proline and y-amino butyric acid, while 
very low activities were found with cysteine, aspartic 
acid, threonine and hydroxyproline. Among the 
amino-acid amide transaminases both glutamine and 
asparagine transaminase systems were very strong 
in the cell-free extracts of this organism. The presence 
of such active glutamine-keto acid and asparagine- 
keto acid transaminases, which occur also in rat liver 
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and kidney*, suggests that both glutamine and aspar- 
agine might play a significant part in the amino-acid 
metabolism of this protozoal organism. Using 
glucosamine, the transaminase activity with either 
«-ketoglutarate or pyruvate was found to be rela- 
tively lower. Among the various purines and 
pyrimidines tried, only adenine, guanine and cytosine 
could transaminate with pyruvate but not with 
a-ketoglutarate in this extract. This suggests a new 
mechanism of formation and interconversion -of 
purines and pyrimidines in this protozoal organism. 
A similar observation has also been reported in Z. coli 
preparations’®. 

Repeated dialysis for 96 hr. in ice-cold temperature, 
charcoal treatment or ageing at room temperature 
for 2-3 hr., failed to reveal any requirement for 
pyridoxal phosphate or pyridoxamine phosphate. 
This failure may also be due to the difficulty of obtain- 
ing enzyme preparations free from pyridoxal phos- 
phate-like co-factors. 

Among the various inhibitors tried (used at 10-? M 
concentrations) potassium cyanide, hydroxylamine, 
2,4-dinitrophenyl hydrazine, mercuric chloride, silver 
nitrate, p-chloromercuric benzoate were found to 
have the most striking inhibitory effects on this 
system. The following inhibitors or compounds were 
tried and found to be inactive: iodoacetate, azide, 
isoniazid, urea stibamine, 8-hydroxyquinoline and 
sulphone. 

Detailed studies dealing with the kinetics and other 
properties of this protozoal enzyme system will be 
reported in a separate communication elsewhere. 

Our thanks are due to Dr. J. C. Ray and Prof, B. C. 


Guha for their interest in this work. 
A. N. CHATTERJEE 
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Iresorcinol on Bacterial 
erosols 


Durtne the course of some investigations into 
the effects of volatile germicides on the viability of 
bacterial aerosols, we have encountered a phenomenon 
which appears to have escaped the notice of other 
workers in this field, and which not only accounts 
for contradictions in some existing experimental 
results, but also suggests that in certain circum- 
stances substances such as hexylresorcinol may be of 
considerably greater value as barriers to cross-infec- 
tions than has been supposed hitherto. 

When spraying bacterial aerosols into atmospheres 
containing small concentrations of hexylresorcinol 
vapour (0-1 yugm./l.), we observed that the initial 
recovery of the organisms immediately after spraying 
was frequently very much less than could be accounted 
for by the often rather slow killing-rate computed 
from a series of subsequent samples. Control experi- 
ments show that this mortality was not attributable 
to any factor other than the presence of the bacteri- 
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cide. This suggested that the organisms contained 
in an evaporating droplet were rendered non-viable 
more rapidly than those that had reached equilibrium 
with their surroundings, possibly owing to the 
absorption of a relatively large quantity of hexyl- 
resorcinol when the droplet surface area was at 
its maximum, with subsequent concentration on 
evaporation. 

If the above supposition is correct, then this 
‘initial kill’ phenomenon should not occur when the 
experimental procedure is reversed and hexyl- 
resorcinol vapour introduced into an already estab- 
lished bacterial aerosol. This is found to be so. 
Further confirmatory evidence has been obtained by 
dissolving hexylresorcinol in bacterial suspensions in 
quantities insufficient to affect the viability of the 
organisms, and atomizing the product into clean air, 
whereupon an immediate and very considerable 
reduction was observed. 

We have encountered the phenomenon with both 
Gram-negative and Gram-positive organisms, though 
in some cases it appears to be inhibited by certain 
suspending fluids. Experimental results are being 
published elsewhere. 

H. M. Dartow 
E. O. PowELL 


Microbiological Research Establishment, 
Ministry of Supply, 
Experimental Station, 

Porton. 

Sept. 10. 


A Biochemical Lesion in Congenital, 
Non-obstructive, Non-hemolytic 
Jaundice 


CoNGENITAL, non-obstructive, non-hemolytic jaun- 
dice is a syndrome characterized by marked elevation 
of ‘indirect-reacting’ (free) bilirubin in the blood}. 
Recent studies have shown that bilirubin forms a 
polar glucuronide which is readily excreted in the 
bile’. The synthesis of bilirubin glucuronide has been 
found to be catalysed by an enzyme system in the 
microsomes of the liver that transfers glucuronic acid 
from uridine diphosphate glucuronic acid to a suit- 
able aglycone*. We wish to describe experiments 
showing that the accumulation of free bilirubin in 
this syndrome is the result of a defect in the glucuron- 
ide-forming mechanism. 

The availability of a mutant strain of Wistar rats 
exhibiting congenital jaundice, previously described 
by Malloy and Loewenstein (ref. 1,a), made it possible 
to examine the biochemical lesion involved in this 
type of jaundice. Studies in our laboratory have 
shown that non-jaundiced animals of this mutant 
strain have no detectable bilirubin in the serum, and 
large amounts of bilirubin glucuronide (as determined 
by paper chromatography) in the bile. On the other 
hand, in jaundiced animals, free bilirubin is high in the 
serum, but no bilirubin glucuronide is present in 
the serum, urine or bile. The biliary excretory 
function is not impaired, as shown by rapid excretion 
of injected bromsulphalein, cholografin and bilirubin 
glucuronide. “hese observations suggest a defect in 
the conversion of bilirubin to its glucuronide. 

After the oral administration of o-amino-benzoic 
acid, a compound known to form a glucuronide im 
vivo, it was found that jaundiced rats excreted in 
the urine one-fourth the amount of glucuronide as 
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Table 1. ENZYMATIC SYNTHESIS OF 0-AMINOPHENOL GLUCURONIDE 
AND URIDINE DIPHOSPHATE GLUCURONIC ACID IN JAUNDICED AND 
o-Aminophenol gl ads bermemane — 

-Aminophenol glucuronide formation (measured by the procedure o 
Levvy and Storey, ref. 4) was determined after incubating 0-2 dod 
o-aminophenol (in 0-01 M ascorbic acid) for 30 min. at 37°C. with 
washed microsomes obtained froin 1 gm. of male rat liver, 25 umoles 
magnesium chloride, 0-1 ml. tris (hydroxymethyl) amino-methane 
buffer, pH 8-0, 0-3 umole uridine diphosphate glucuronic acid (pre- 
ee enzymatically from uridine diphosphate glucose with its de- 

ydrogenase and diphosphopyridine nucleotide, ref. 5) and water 
to make a final volume of 1:2 Uridine diphosphate glucuronic 
acid formation was determined by a procedure described previously 
(ref. 5). Results are expressed as wmoles formed per gm. of liver 

















o-Aminophenol | Uridine diphos- 
Type of rat No. of glucuronide phate glucuronic 
rats formed acidformed | 
Jaundiced Wistar 6 0-008 4-9 | 
Non-jaundiced 
Wistar* 8 0-034 4:3 
Sprague-Dawley 7 0-061 5-8 | 





* Non-jaundiced rats were litter-mates of the jaundiced animals. 


compared to non-jaundiced controls. In vitro syn- 
thesis of glucuronide was then examined by incubating 
o-aminophenol and uridine diphosphate glucuronic 
acid with liver microsomes. The results shown in 
Table 1 indicate that in jaundiced rats the enzymatic 
formation of o-aminophenol glucuronide was much 
less than that found in non-jaundiced litter mates 
(P < 0-001), but not entirely absent. The possibility 
that inhibitory factors may be present was studied 
by measuring o-aminophenol glucuronide formation 
in an incubation mixture containing liver microsomes 
from jaundiced and control rats. No reduction in 
enzymatic activity of the microsomes from non- 
jaundiced rats was observed. These results differ 
from a recent report stating that in jaundiced rats 
“glucuronyl transferase activity is absent or in- 
hibited’’*. The ability to form uridine diphosphate 
glucuronic acid was found to be the same in both 
types of rats (Table 1). 

Glucuronide formation was also examined in human 
subjects with congenital, non-obstructive, non-hemo- 
lytic jaundice (ref. 1,b,c). Like the jaundiced rats 
described above, these subjects had a high concentra- 
tion of free bilirubin in the blood, but no bilirubin 
glucuronide could be detected in the serum or bile. 
Glucuronide formation was studied by administering 
a substance that forms a glucuronide (N-acetyl 
p-aminophenol). Fig. 1 shows that the rate and 
magnitude of glucuronide formation in this syndrome 
is much less than in normal subjects. In addition, 
the rate of disappearance of the free compound from 
the plasma is delayed. Similar findings were obtained 
using tetrahydrocortisone as the aglycone’. 
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Fig. 1. Plasma-levels of free N-acetyl-p-aminophenol and its 
glucuronide. Each subject received 30 mgm. per kgm. of 
N-acetyl-p-aminophenol in a single oral dose. Free N-acetyl-p- 
aminophenol was determined by a procedure described previously 
(ref. 6). The glucuronide was hydrolysed by incubation with 
bacterial £-glucuronidase and the liberated compound determined 
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The observations described indicate that congenital 
non-obstructive, non-hemolytic jaundice is a result 
of a reduced rate of glucuronide formation. Since 
bilirubin must compete with other normally occurring 
aglycones for a deficient glucuronide-forming enzyme 
system, the consequence of this defect is an accumula- 
tion of free bilirubin in the plasma. 

A detailed report of this work will be given else- 
where. 
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Utilization of 4-Amino 5-Imidazole 
Carboxamide in Plant Tissues 


THE diazotizable amine which accumulated in 
cultures of Escherichia coli during sulphonamide 
bacteriostasis has been isolated and its identity with 
4-amino 5-imidazole carboxamide has been estab- 
lished!s*. Evidence to show that this compound was 
not merely a product of aberrant metabolism but a 
normal precursor of purines has been obtained® and its 
role in purine biosynthesis is well established‘. Re- 
cently, it was demonstrated that the carboxamide was 
rapidly utilized in rat liver homogenates and prepara- 
tions from actively growing tissues®*. The present 
report deals with the preliminary experiments carried 
out to assess the role of this compound as a potential 
precursor of purines in plants. Resting, as well as 
germinating, seeds of Phaseolus radiatus (green gram) 
were used in this investigation. 

The plant tissues were homogenized thoroughly 
with 2-3 volumes of M/15 phosphate buffer, pH 7-4, 
centrifuged briefly at low speed and 1 ml. of the 
supernatant was incubated with an equal volume 
of a solution containing succinate (2 x 10-* M), 
formate (2 x 10-*M), niacinamide (2 x 10-* M), 
diphosphopyridine nucleotide (4 x 10-*M), adeno- 
sine triphosphate (1 x 10-* M), magnesium sulphate 
(3-0 x 10-*M) and carboxamide (2 x 10-?M) for 
4 hr. at 37°C. The reaction was arrested by the 
addition of 0-1 volume of perchloric acid (60 per cent). 
Residual carboxamide was estimated in the super- 
natants by the Bratton—Marshall reaction’. Sodium 
1:2 naphthoquinone 4-sulphonate (Folin’s reagent) 
as @ reagent for carboxamide after paper chromato- 
graphy* was also used. Protein estimation was done 
by the biuret method. The results are summarized 
in Table 1. 
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UTILIZATION OF 4-AMINO 5-IMIDAZOLE CARBOXAMIDE BY 


Table 1. 
EXTRACTS OF Phaseolus radiatus 





Germinating seeds 
24hr. | 48hr. | 72 hr. 





Resting 
seeds 


Tissue 








Carboxamide utilized* 
pvgm./mgm. protein/4 hr. 
at 37° C. 


0:78 1:03 1-49 2-00 























* Average of triplicate values 


Thus preparations from germinating seeds were 
found to metabolize carboxamide to greater extents 
than resting seeds. This increased metabolism of 
carboxamide in germinating plants is of interest since 
tissue growth implies cellular multiplication which, in 
turn, according to all available evidence, involves 
the presence of nucleic acids. Investigations on 
the nature of the individual steps in the overall 
utilization of this compound in plants should be 
of interest. Further work on these aspects is in 
progress. 

K. V. Gri 
P. R. KrisHNASWAMY 


Department of Biochemistry, 
Indian Institute of Science, 
Bangalore 3. 
Aug. 30. 
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Induction of Immunological Tolerance in 
Rats to Foreign Erythrocytes 


THE term ‘acquired immunological tolerance’ was 
used by Medawar and co-workers! for describing the 
toleration of skin homografts in mice which had 
been injected in utero with a cell suspension from 
mice of the donor strain. Since then, many workers 
have tried to produce a similar tolerance to antigens 
which give rise to antibodies of the classical circulating 
type. Both positive?-* and negative’-? attempts have 
been reported. One of the systems that has been 
investigated recently is the anti-sheep erythrocyte 
system. Bauer et al.? have reported failure to produce 
immunological tolerance in: rats by intra-uterine 
injection of foetuses with sheep red cells. They point 
out that in many of the successful experiments 
quoted above, large doses of antigens had to be 
injected for prolonged periods to produce non- 
reactivity. They maintain that the whole range of 
phenomena included under the heading of immuno- 
logical tolerance may well be an expression of the 
phenomenon of immune paralysis, such as can be 
produced by the injection of pneumococcal poly- 
saccharides into mice®. 

We have been studying the effects of injecting neo- 
natal rats with both mouse and sheep erythrocytes, 
starting the injections within 36 hr. of birth, and 
giving repeated doses twice a week for three to eight 
weeks. Using large doses (0-25 ml. of washed 20 per 
cent cells per injection, given intraperitoneally) we 
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Table 1. Rat ANTI-SHEEP ERYTHROCYTE TITRES 








After 
After After After 
— lst course 2nd course 3rd course a. 
1 week 2 weeks | 9 days 3 weeks| 5 days 9 days 1 week 
938 <4) <4 <4 50* <4 <4 <4 <4 
94<4/ <4 <4 30* <4 <4 16 <4 
95 <4} <4 <4 <4 <4 64* 48 20 
96 <4} <4 <4 20 <4 32 50 20 
Cont. 
Pi ty 200 300 800 380 600 1,100 400 
nt. 
2<4/] 200 300 100 128 400 1,100 256 
Cont. » 
3<4 50 40 90 28 200 1,000 200 
































* Incomplete agglutination patterns only were obtained to this titre 


were able to induce immunological non-reactivity 
quite uniformly in the animals treated for eight weeks, 
and somewhat less uniformly in the animals treated 
for three weeks. Table 1 gives the result of a typical 
experiment, using sheep erythrocytes. The treated 
animals were given two injections per week for eight 
weeks, and one week after the end of this course 
three intraperitoneal injections were given of 1 ml. 
of 20 per cent erythrocytes over a period of one week, 
using three normal animals of the same age as con- 
trols. The animals were bled from the tail one and 
two weeks after the last injection, and then given a 
further two injections, and bled nine days and three 
weeks after the latter injection. Six weeks later, the 
rats were again given an injection of 1 ml. of 20 per 
cent cells, and bled after five and nine days. Finally, 
at. the age of five months, the rats were given a 
further injection of 20 per cent cells, and bled one 
week later. The antibody titres were expressed as the 
reciprocal of the dilution of serum producing partial 
agglutination of 1 per cent red cells at room tempera- 
ture. 

From Table 1 it can be seen that the treated 
animals produce very little antibody, even after four 
injection courses. If the neonatal injection course 
ceased after three weeks, somewhat different results 
were obtained. The majority of the animals were 
completely tolerant to one injection, at eight weeks, 
but after a secondary injection about half developed 
high antibody titres. Similar results were obtained 
using mouse erythrocytes. Rats given an eight-week 
neonatal course exhibited complete tolerance to 
primary, secondary, tertiary and quaternary stimuli. 
Those given a three-week course uniformly failed to 
produce antibody to a primary stimulus at eight 
weeks, but about half the animals produced fair 
titres after a secondary stimulus. 

In order to exclude the possibility that the failure 
to detect circulating antibody was due to its removal 
by antigen leaking from tissue deposits, the rate of 
disappearance of passively transferred antibody was 
examined. Two litters of tolerant rats were inoculated 
with 0-5 ml. of hyperimmune serum, and the fall 
in titre examined in serum samples taken at two-day 
intervals. The rate of fall was identical in tolerant 
animals and normal controls. An attempt to produce 
true immune paralysis by injecting more mature 
rats with very large doses of sheep red cells was 
unsuccessful. It thus appears that the production 
of non-reactivity depends on starting the injections 
while the animal is immunologically immature, and 
continuing them well beyond the critical period. 

Further work in this field is in progress, and will 
be reported in full in a later publication. I wish to 
express my thanks to Sir Macfarlane Burnet for his 
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interest in this work. It was carried out under a 
grant from the National Health and Medical Research 
Council of Australia. 
G. J. V. Nossa 
Walter and Eliza Hall 
Institute of Medical Research, 
Melbourne. Aug. 20. 
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Antimitotic Activity of 5-Tertiary Butyl 
Benzimidazolone 


In chronic toxicity tests of several derivatives of 
benzimidazolone, the 5-substituted compounds were 
well tolerated, with the exception of the 5-tertiary 
butyl benzimidazolone. This substance caused 
retardation of growth in rats receiving the standard 
dose of 500 mgm./kgm./day by stomach tube, with 
death after 20-25 days of treatment. Hematological 
examination after the onset of the loss in weight 
revealed a severe anzemia and leukopenia, found at 
autopsy to be the results of aplasia of the bone 
marrow. Lymphoid atrophy was also seen; but 
other tissues showed no change, except for the 
presence in various organs of large numbers of mitotic 
figures. 

A single oral dose of 5-tertiary butyl benzimidazo- 
lone 400 mgm./kgm. caused an increase in the per- 
centage of mitotic figures in the bone marrow, which 
reached a maximum value of 6-17 per cent within 
3-8 hr. and returned to normal by 14 hr. The marrow 
of untreated control rats showed only 1-2 per cent 
mitotic figures. This increased proportion of mitotic 
figures after 5-tertiary butyl benzimidazolone un- 
doubtedly represents an actual arrest of mitosis. It 
resembles that produced by colchicine 1-5 mgm./kgm., 
except that fragmentation of the nucleus was evident 
in some 16 per cent of the cells 8 hr. after colchicine, 
but not after the former. 

The antimitotic action of 5-tertiary benzyl benz- 
imidazolone was almost unique in a series of some 
thirty related compounds tested by oral administra- 
tion of a single dose of 400 mgm./kgm. Only 5-tertiary 
butyl benzimidazole showed a similar effect, but to a 
smaller degree. A sample of 5-tertiary butyl benz- 
oxazolone did not affect mitosis, nor did the 1,3- 
dimethyl-substituted 5-tertiary benzyl benzimidazo- 
lone. Other compounds that gave a negative result 
in the test included the 5-methyl, 5-ethyl, 5-n-propyl, 
5-tsopropyl, 5-n-butyl, 5-isobutyl, 5-sec. butyl, 5-n. 
amyl, 5-isoamyl, 5-sec. amyl, 5-t. amyl, 5-phenyl, 
5-chloro, 5-bromo, 5-amino and several di-, tri- and 
tetra-substituted benzimidazolones, as well as the 
unsubstituted benzimidazolone and benzimidazole. 

5-Tertiary benzyl benzimidazolone was also tested 
for anti-tumour activity against the Gardner lympho- 
sarcoma (6C3H-ED). Tumours of 1-8-3-2 c.c. 
(estimated) grew out in all the twelve control mice 
during ten days of the experiment, while twelve mice 
receiving 5-tertiary benzyl benzimidazolone, 400 
mgm./kgm./day starting immediately after inocula- 
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tion, did not develop palpable tumours. Of the twelve 
controls with established tumours, half were then 
treated with 5-tertiary benzyl benzimidazolone in 
the same dose. Partial regression occurred after 
seven days of treatment. These studies are being 
continued. 
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Chemical Nature of Parathyroid Hormone 


Most of the data accumulated in the past thirty- 
two years! has led to the conclusion that parathyroid 
hormone is @ protein. In 1954, Handler, Cohn and 
Dratz? attempted to purify this hormone by means of 
ion-exchange chromatography, but found hormonal 
activity associated with a number of protein peaks. 
On the basis of their results, they suggested that the 
hormonal activity might reside in a smaller molecule, 
presumably not necessarily nitrogenous, which readily 
absorbs on proteins. Raoul, Mornay and Prelot* have 
recently claimed to have prepared, by two different 
lipid extraction methods, a highly active material 
which did not contain nitrogen. On the basis of un- 
reported evidence, they suggested that this active 
substance was steroidal in nature. Since the D vita- 
mins, which are steroid, closely mimic, in some 
respects, the action of parathyroid hormone on bone 
and kidney, the possibility that this hormone is a 
steroid merits consideration. 

Upon undertaking the problem of the isolation of 
parathyroid hormone, it seemed imperative to us to 
perform experiments to confirm, if possible, the work 
of Raoul e¢ al... They claimed that it was possible 
to obtain non-nitrogenous extracts containing a 
specific activity of 300 v./mgm. by three means : 
(1) extracting an acetone powder, prepared by the 
method of L’Heureux, Tepperman and Wilhelmi‘, 
with boiling absolute ethanol for at least 30 min. ; 
(2) extracting the same active powder with a mix- 
ture of ethanol and ether (3:1) at — 40°C.; and 
(3) extracting a hydrochloric acid extract of ‘defatted’ 
glands with ethanol—ether (3:1) at — 40°C. They 
further claimed that the nitrogenous residue in each 
instance was inactive. We have followed their 
extraction procedures as closely as possible, using 
methods (1) and (3). In each instance, the lipid 
extract was concentrated to a few millilitres by 
vacuum distillation, and then assayed, as were the 
nitrogenous residues. All fractions were assayed by 
the method of Davies, Gordon and Mussett‘, which 
depends on the rise in concentration of plasma calcium 
in parathyroidectomized rats 18 hr. after the test 
injection. No hormonal activity was found in any 
of the lipid extracts and approximately 80 per cent 
of the estimated original activity was found in the 
nitrogenous residues. The results are completely 
contradictory to those of Raoul e¢ al.*. 

The important difference in these two sets of experi- 
ments is in the assay method employed. Raoul e¢ al.’ 
utilized the method of Dyer‘, in which normal rabbits 

are the test animal. Dyer’s own conclusions about 
this method were that rabbits were unsuitable assay 
animals because of the marked fluctuations in the 
normal concentration of serum calcium, and the wide 
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variation in response to a test injection of para- 
thormone. This has been the experience of others?. 

Our findings in conjunction with further work in 
progress lead us to believe that the hormone is a 
small protein, probably in the size-range of adreno- 
corticotrophic hormone and insulin. Our more 
important reasons for this conclusion arise from our 
unpublished observations that a partially purified, 
highly active (100 u./mgm.) hormonal preparation 
contained 14 per cent nitrogen (micro-Kjeldahl) and 
97 per cent of its weight was accounted for by its 
amino-acid content. 

This investigation was supported in part by a 
grant (41331) from the U.S. Public Health Service, 
and was carried out while one of us (H. R.) was a 
Research Fellow of the U.S. Public Health Service. 

HowarpD RASMUSSEN* 
RoLanD WESTALL 
Medical Unit, 
University College Hospital Medical School, 
London, W.C.1. 
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New York City. 
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Toxicity of Erythromycin 

In the course of studies on antibiotic therapy of 
rickettsial infection in the guinea pig, it was found 
that oxytetracycline, chlortetracyeline and tetra- 
cycline administered intramuscularly were tolerated 
well in the dosages employed. The administration of 
erythromycin on an equivalent dose-weight basis, 
however, resulted in death of a portion of the test 
animals. The picture observed was comparable to 
that noted by Kaipainen and Faine! following oral, 
intraperitoneal or intravenous administration of the 
drug. Because the response of the guinea pig to 
erythromycin appears to differ from a simple toxicity 
phenomenon, the following observations are reported. 

Hartley strain albino guinea pigs weighing 300- 
400 gm. were employed throughout this work. 
These animals were obtained from a single source 
and were free of intercurrent infection with bacterial 
pathogens. They were maintained in a constant- 
temperature environment on rabbit chow (without 
antibiotic supplement—Ralston Purina Co.) and fresh 
greens. Erythromycin lactobionate (Abbott Labora- 
tories—Lot No. 650-8938), reconstituted daily in 
water for injection (USP), was used. Injections were 
made into the hamstring muscles. 

Initially, the drug in a dose of 1-5 mgm. twice 
daily for 9 days (total dose 27-0 mgm.) was started 
simultaneously with an intraperitoneal rickettsial 
challenge. Nine of the ten animals on erythromycin 
died between the eighth and eleventh day 
challenge, several days prior to death of the control 
animals receiving only the rickettsial challenge. 

A second series of guinea pigs were then given drug 
alone twice daily for five days. The dosages admin 
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Table 1. Errgct OF LNITIAL ADMINISTRATION OF ERYTHROMYCIN TO 
HARTLEY STRAIN GUINEA PIGS FOR A FIVE-DAY PERIOD 
Day of death* 
Total dosage (mgm.) Deaths/total 

Average Range 

75 8/15 8-6 8-11 

15-0 6/15 9°3 9-10 

22°5 8/15 9-6 8-11 














* From administration of first dose. 


istered and the results obtained are shown in Table 1. 
The day of death is measured from the time the first 
dose of drug was given. It is apparent that, in this 
dose-range, lethality and size of dose are not cor- 
related. 

Surviving animals showed no signs of illness. The 
affected animals, for several days prior to death, 
refused food, showed ruffled fur, and exhibited a 
diarrhoea. At autopsy the spleens of these animals 
were pale and markedly smaller than those of normal 
animals of the same weight. There were no other 
gross autopsy findings of note. In additional animals, 
similar signs and death have been observed to follow 
administration of as little as 1-5 mgm. of erythro- 
mycin. 

The surviving animals from the drug regimen 
shown in Table 1 were observed for 2 weeks after 
cessation of the drug and appeared normal in all 
respects. At this time an identical schedule of drug 
administration for 5 days was re-instituted. This 
second administration of erythromycin did not 
produce illness and all animals survived. 

The cause of the ‘all-or-none’ response of these 
guinea pigs to erythromycin is not apparent. Since 
other work does not permit further studies at this 
time, the findings are reported as a matter of record. 


W. D. Tigerttr 
W. 8S. GocHENOUR, JUN. 


Walter Reed Army Institute of Research, 
Washington, D.C. 
1 Kaipainen, W. J., and Faine, 8., Nature, 174, 969 (1954). 


identical Nature of the Leucocyte 
Antigens detectable in Monozygotic 
Twins by means of Immune 
Iso-Leuco-agglutinins 


Tue presence of anti-leucocyte antibodies, which 
are capable of causing in vitro the agglutination of 
certain varieties of leucocytes, and which are inactive 
on the patient’s own leucocytes'.’, is often observed 
in the blood of polytransfused patients. 

Using 28 human sera containing immune iso-leuco- 
agglutinins of this type, we studied the leucocyte 
antigens of four pairs of twins. (We are grateful to 
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Prof. M. Lamy for allowing us to study the blood of 
these twins.) 

Table 1 shows the identical reactions obtained in 
each pair of monozygotic twins. Comparison with the 
reactions obtained with a pair of dizygotic twins 
revealed marked differences. 

Confusion caused by the presence of anti-red cell 
antibodies in the leuco-agglutinating sera were over- 
come. The naturally occurring antibodies, anti-A, 
anti-B, or anti-A +B, were absorbed or neutralized 
beforehand by the water-soluble substances A and B. 
In the same way, four of the sera used in this study 
contained irregular antibodies active on red cells (anti- 
D, anti-C). Numerous other sera containing similar 
antibodies but without leuco-agglutinins were tested 
against the leucocytes of donors having the corre- 
sponding red-cell antigens always without producing 
leuco-agglutination. These results suggest the heredi- 
tary transmission of the leucocyte characteristics, 
probably determined by special genes. A study of 
this mode of transmission in several generations is in 


progress. 
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Ultra-violet Irradiation of Dry Tobacco 
Mosaic Virus 


WE have previously reported that the infectious 
nucleic acids obtained from different strains of 
tobacco mosaic virus have the same sensitivity to 
inactivation with ultra-violet light'. The intact 
strains, however, differ in this regard*. Strain U2 
has the same sensitivity as the infectious nucleic 
acid, whereas strain U1 is 54 times more resistant. 
It was therefore concluded that the type of com- 
bination between protein and nucleic acid that exists 
in the U1 strain affords appreciable protection from 
the damaging effects of ultra-violet light. 

Since several reports have appeared in the literature 
which indicate that certain organisms are more 
sensitive to inactivation with ultra-violet light when 
irradiated dry than when irradiated wet'—5, a study 
was undertaken to determine whether the protection 
against ultra-violet light damage, observed for the U1 
strain, is related to the presence of water during the 
irradiation. 

The technique for the wet irradiation of the 
tobacco mosaic virus strains has been described’. 
The following technique devised for dry irradiation 
gave the most consistent results. A 0-05 por cent 
virus suspension was prepared in M/15 phosphate 
buffer, »H 6-9-7-0, containing 0-01 per cent crystal- 


WINS WITH THE AID OF LEUCO-AGGLUTINATING SERA 
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Leuco-agglutinating sera 
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line bovine serum albumin as a pipetting aid. Aliquots 
of 0-01 ml. were pipetted on to 18 mm. circular 
cover-glasses. The droplets were allowed to dry in 
the laboratory until liquid was no longer visible. 
Each cover-glass was then placed into a small indi- 
vidual drying chamber which was constructed by 
glueing a 24-mm. diameter, 10-mm. high glass cylinder 
to a microscope slide with Armstrong’s adhesive A-—6. 
A smaller cylinder, 15 mm. diameter, 5 mm. high, 
placed within the larger cylinder, served both as 
a well to contain phosphorus pentoxide and as a 
support for the cover-glass. The chamber was 
closed by sealing a 2-mm. thick quartz square to the 
top of the larger cylinder with vacuum grease. 
2-3 hr. after the chambers were sealed, the dry virus 
was irradiated by placing the chambers 24:5 cm. 
from a Westinghouse germicidal lamp, 782L—30, the 
output of which is primarily at 2537A. After 
irradiation, the cover-glasses were placed in 5 ml. of 
M/15 phosphate buffer, pH 6-9. Approximately 
3 hr. was allowed, with occasional stirring, for re- 
suspension of the virus, before assaying it for infec- 
tivity. 

In different experiments 30-100 per cent of the 
virus infectivity was recovered after the drying and 
resuspension procedure. The presence of albumin 
was found not to interfere with the results of the 
irradiation experiments. 

As shown in Fig. 1, the sensitivity of the U2 strain 
to inactivation with ultra-violet light is the same 
whether irradiated wet or dry. However, the U1 
strain increases in sensitivity 54 times when irradiated 
dry. Thus, both strains have identical sensitivities 
when irradiated dry. 

The change in the sensitivity of the U1 strain upon 
drying is reversible. After first drying and then 
rewetting before irradiation, the U1 strain recovers 
its initial wet sensitivity. These results also appear 
in Fig. 1. 

The results of these experiments demonstrate that 
the type of protection against ultra-violet light 
damage that exists in the U1 nucleic acid—protein 
combination is operative only when the virus is wet 
and is lost upon drying. 
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A possible explanation for the difference in sensi- 
tivity of the two intact strains is that the U1 strain 
may exist in a more hydrated state than the U2 
strain. Consequently, the U1 strain may be less 
dense than the U2 strain. We have explored this 
possibility by equilibrium centrifugation of a mixture 
of the two strains in a density gradient as described 
by Meselson e¢ al.*. Contrary to the hypothesis, the 
results of this experiment demonstrate that the 
U1 strain is actually more dense than the U2 strain. 

Hollaender and Dugger? report an ultra-violet 
action spectrum for tobacco mosaic virus which 
departs markedly from the absorption spectrum of 
nucleic acid. This is in contrast to the results obtained 
with several other viruses and micro-organisms’. 
However, the common strain (U1) was irradiated in 
solution for the determination of the action spectrum, 
a condition which is shown here to protect the virus 
from ultra-violet damage. It is possible that the 
action spectrum for the U2 strain or for the U1 strain 
irradiated dry may conform more closely to the 
absorption spectrum of nucleic acid. 

Kaplan and Kaplan® suggest that the increased 
efficiency of ultra-violet light in killing dry Serratia 
marcescens may be due to a change in the structure 
of the deoxyribonucleic acid of these cells. The 
current experiments raise the possibility that in 
Serratia and other organisms the protein to which the 
nucleic acid may be attached plays a part in determ- 
ining the sensitivity of the nucleic acid to the 
damaging effects of ultra-violet light. 

We are indebted to Miss Diane Smith and Mr. 
Charles Ford for technical assistance. This work was 
supported in part by a research grant, H-536(C—4) 
from the National Institutes of Health, U.S. Public 
Health Service, and contract A7'(11—1)—34, Project 8 
of the Division of Biology and Medicine, U.S. Atomic 
Energy Commission. 

ALBERT SIEGEL 
Botany Department, 
University of California, 
Los Angeles. 
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* Siegel, A., and Wildman, 8. G., Virol., 2, 69 (1956). 
* Fair, G. M., and Wells, W. F., Science, 82, 280 (1935). 
‘Hill, R. F., and Rossi, H. H., Radiation Res., 1, 282 (1954). 
5 Kaplan, R. W., and Kaplan, C., Exp. Cell. Res., 11, 378 (1956). 
* Meselson, M., Stahl, F. W., and Vinograd, J., Proc. U.S. Nat. Acad. 
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* Hollaender, A., and Dugger, B. M., Proc. U.S. Nat. Acad. Sci., 22, 
19 (1936). 
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Subendothelial Space between the Ovarian 
Interstitial Cell and the Endothelial 
Lining of the Blood Sinusoids 


RECENT electron microscopic investigations have 
demonstrated the peculiar relation between endocrine 
cells and capillary blood vessels. The cell plasma 
membrane of the former is not directly in contact 
with the endothelium of the latter: there is a peri- 
vascular space between both. These peri-capillary 
spaces were first described by Lever’ in ultra-thin 
sections of the adrenal cortex and medulla. The 
same subendothelial space is also found in the 
thyroid and parathyroid’ and in the corpus luteum‘. 
It was observed by Green and van Breemen‘ in the 
adeno-hypophysis. 

During an experimental study on the endocrine 
function of the interstitial cells of the rat’s ovary, 
we tried to find out whether this subendothelial 
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space was demonstrable between those cells and the 
endothelial lining of the capillary vessels. 
Young, normal albino rats were used. The tissues 
were fixed in an osmic solution according to Palade, 
dehydrated in alcohol, embedded in methacrylate 
and sliced with a Sjéstrand ultra-microtome. A 
Philips 100 HM electron microscope was used for the 
microscopy. 
At several places an irregular space is seen between 
an interstitial cell and the capillary endothelium. 
This space is about 3500A. wide. It is rather 
remarkable that the cell, on the side turned towards 
this space, is provided with many irregular proto- 
plasmic threads, which are in contact with a great 
number of microvilli, developed on the endothelium 
of the capillary vessels. The mazes between those 
microvilli are rather lightly coloured, while there are 
here and there dark-stained granulations, showing no 
tendency to form a regular row. 
We believe we have added to the already existing 
evidence concerning the internal secretion of the 
interstitial cells of the ovary, namely, the existence 
of a perivascular space similar to that described by the 
above-mentioned authors in preparations of endocrine 
tissues. 
A detailed description of this perivascular space 
and of the variations of its size according to the 
experimental environment will be published later. 
M. De Groopt 
A. LAGASSE 
M. SEBRUYNS 
Institute for Histology and 
Laboratory for Electron Microscopy, 
University of Ghent. 
1 Lever, J. D., Amer. J. Anat., 97, 409 (1955). 
* Lever, J. D., J. Biophys. and Biochem. Cytol., 2/4, 2, Supp. 293 (1956). 


* Lever, J. D., Anat. Rec., 124, 111 (1956). 
‘ Green, J. D., and van Breemen, V. L., Amer. J. Anat., 97, 177 (1955). 


Effect of Desiccation on the Eggs of 
Simulium damnosum, Theobald 


In the northern territories of Ghana and other 
savannah areas of West Africa, many of the smaller 
rivers which form the breeding places of Simulium 
damnosum in the rainy season are liable either to 
dry up completely in the course of the long dry 
season or to be reduced to a series of stagnant pools 
unsuitable for breeding. When these streams start to 
flow again at the onset of rains, the rapid appearance 
of Simulium larve, sometimes within a week of 
flooding, has long posed the question of the exact 
stage or condition in which Simulium damnosum 
survives the long dry season in those areas. The 
whole question, along with all the relevant literature, 
has been discussed fully by Crisp’. 

For a long time the most popular explanation was 
that the season of drought was passed in the egg 
stage, the eggs lying dormant in the dried mud or 
sand of the water-course. In order to test this point, 
Edwards* collected samples of sand and silt from the 
beds of rivers which five months earlier had formed 
breeding places of Simulium larve, but which had 
been dry for three months at the time of collection. 
Fifty-four samples were pooled and immersed in water 
in a larva-rearing tank; three days later three 
Simulium larve were seen, and later an imperfect 
adult emerged which could not be identified. 

Lack of information about the egg-laying sites and 
egg-laying habits of Simulium damnosum in West 
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Africa has long held up any direct approach to this 
question by means of controlled experiments on the 
eggs themselves. In addition, Simulium damnosum 
is very refractory in captivity. It is only rarely that 
gravid females will lay eggs in confinement, and the 
eggs, if they do hatch, do not appear to develo) 
normally. No real progress was made in this direction 
until Crisp* carried out a detailed study of Simulium 
damnosum in Ghana. Crisp dried out batches of 
Simulium damnosum eggs from natural ovipositing 
sites, and with material from thirty ovipositions 
found that eggs could survive up to 40 min. exposure 
to direct sun, but that with longer exposures an in- 
creasing proportion of the eggs failed to hatch. Eggs 
allowed to dry and remain in the sun for 12 hr. 
never hatched. This finding, together with the fact 
that he was never able to recover any eggs from 
100 samples of sand taken from breeding sites at 
the beginning of the dry season, led him to conclude 
that “the possibility of dry season survival in the 
egg stage seems unlikely”’. 

In Liberia, I was able to study the ovipositing 
habits of Simulium damnosum’ and to obtain from 
time to time very large batches of Simulium damno- 
sum eggs from natural breeding sites. These observa- 
tions were made in rubber plantations in the rain 
forest area where Simulium damnosum breeds through 
the entire year in streams and small rivers which 
never dry up. 

A series of simple experiments was carried out to 
study the reactions of these eggs to the effects of 
desiccation. Leaves, with egg batches containing 
many thousands of eggs, were divided into portions 
and allowed to dry in beakers in a shaded part of 
the laboratory at a temperature of 27°—-28°C. and 
approximately 70-95 per cent relative humidity. 
After different periods of drying, the portions of leaf 
were suspended in contact with water agitated by a 
stream of air bubbles. Under these conditions un- 
treated controls always showed a complete hatch. 
In those cases where the time of oviposition was 
known the eggs used were 16-24 hr. old. (The egg 
stage may take as long as 65 hr. in Liberia.) Owing 
to the very large number of eggs in these batches— 
the combined ovipositions of a large number of 
females—and to the fact that the eggs were piled 
in layers, no attempt was made to count the numbers 
used or the exact number which hatched. The results 
are shown in Table 1. 

Hence, under these conditions, periods of desicca- 
tion of 24 hr. or longer are usually sufficient to kill 


all the eggs, and 48 hr. is the longest period of 


desiccation which any eggs can survive. 

The desiccating conditions to which these eggs 
were exposed were very much less severe than those 
used by Crisp and those to which they would normally 
be exposed in a dried-up water-course. The results 

















Table 1 
| Experiment | Period of desiccation Result 
1 Up to 18 hr. All hatched 
2 24 hr. } None hatched 
3 24 hr. None hatched 
| 4 42 hr. None hatched 
| 5 48 hr. None hatched 
| 6 48 hr. A few hatched from a very 
large batch 
j 7 34 days None hatched 
8 4 days None hatched 

| 9 6 days None hatched 

10 6 days None hatched 
1 Be 
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endorse those of Crisp and indicate that the eggs of 
Simulium damnosum show no marked ability to 
withstand even comparatively short periods of 
exposure to desiccation. ‘ 


R,. C. MurrHEap-THOMsSON* 


No. 4599 


Liberian Institute of the 
American Foundation for Tropical Medicine. 
* Now with World Health Organization, c/o Federal Ministry of 
Health, Salisbury, Southern Rhodesia. 


1 Crisp, G., “Simulium and Onchocerciasis in the Northern Territories 
of the Gold Coast” (British Empire Society for the Blind, H. K. 
Lewis and Co., Ltd., 1956). 

* Edwards, E. E., J. West. Afr. Sci. Assoc., 2, 1 (1956). 

* Muirhead-Thomson, R. C., Nature, 178, 1297 (1956). 


Gonad Temperature and Spontaneous. 
Mutation-rate in Man 


SIncE the spontaneous mutation-rate is known to 
vary with temperature, the present investigation was 
conducted in order to clarify the degree to which the 
temperature of human genetic material might vary 
under different environmental conditions. 

For an average sex-linked lethal mutation in 
Drosophila melanogaster, Timoféeff-Ressovsky and 
Zimmer! report a Q,> of 6-5. This value is largely in 
agreement with Muller’s* earlier data, though some- 
what higher. Although the question as to the 
influence of temperature on the spontaneous mutation- 
rate is not yet fully elucidated (cf. discussions by 
Stubbe* and Wittmann‘), the most important negative 
results seem to concern particular cases, for example, 
labile genes*, Radiation-induced mutations are 
virtually independent of temperature, except under 
extreme conditions. The X-ray dose which doubles 
the mutation-rate amounts, in the species hitherto 
studied (for example, Drosophila melanogaster, mouse, 
and barley), to about 100 r., whereas the average 
background radiation amounts to not more than 
0-1 r. per year*. If 30 r. is taken as a low value for 
the doubling dose in man‘, ionizing radiations will be 
responsible for not more than about 10 per cent of the 
spontaneous mutation-rate. The remaining 90 per 
cent will presumably exhibit dependence upon temper- 
ature similar to that demonstrated for Drosophila. 
Even a comparatively small temperature variation 
in the genetic material would therefore affect the 
mutation-rate appreciably. 

In mammals the testes are usually, at least during 
the mating period, situated in the scrotum outside 
the peritoneal cavity. The temperature inside the 
scrotum is regulated at 2-5° C. lower than the 
peritoneal temperature’. That it is possible to 
influence the testicular temperature from outside has 
been demonstrated by the experiments of Moore and 
co-workers*: treatment with water at 47° C. or 
insulating material was shown to cause sterility. 
From an evolutionary point of view it seems 
reasonable to consider the possibility that, in 
addition to the unique metabolic stability of deoxy- 
ribonucleic acid®, the lower testicular temperature 
and the sterility caused by a rise in temperature 
constitute means of keeping the mutation-rate at a 
low level. 

In an exploratory experiment we investigated the 
effect of normal clothing on the scrotal temperature 
of men aged 20-40 years. The measurements were 
made partly with a thermocouple, partly with a 
1,000 Q N.T.C. resistor, the instruments being 
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Fig. 1. Typical individual curves showing the change of scrotal 
temperature due to dressing and disrobing. Full line, non-nudist ; 
dotted line, nudist 


taped to the skin of the distal part of the scrotum. 
A skin fold was then produced, allowing the tem- 
perature to be measured between the testes. In order 
to exclude the possibility of the temperature regula- 
tion being dependent on adaptation, one series of 
measurements was done (outdoors) on nudists who 
had lived for more than two weeks in a nudist camp, 
unclothed except during bad weather. Since no 
difference in temperature regulation was found 
between the nudists and non-nudists who were studied 
concurrently, a second (indoor) experiment was 
performed with non-nudists alone. After disrobiag 
or clothing, the temperature was found to reach a 
constant value within 1-2 hr. (Fig. 1). In both 
series the environmental temperature ranged between 
19-5 and 21-5° C. 

The results are shown in Table 1. The values 
certainly represent the testicle temperature, since 
they compare well with data obtained in measure- 
ments on different animals’.*. Results from the two 
series were lumped and a highly significant difference 
was found, amounting to 3-3+0-4° C. between the 
clothed and disrobed states. 

The observed difference in temperature gives at 
least the order of magnitude of the rise in temperature 
affecting the genetic material of that part of the 
human race which wears clothes of European type. 
If we assume a Q,, of 6-5 to be valid for the spon- 
taneous mutation-rate of an average gene, the 
observed difference would correspond to an increase 
of about 85 per cent in the mutation-rate, in so far 
as mutations are transmitted by the male. The fact 
that our modes of dress have been predominant 
for several centuries might explain almost half the 
present load of spontaneous mutations. We thus see 
how modes of dress based chiefly on sexual taboos 
might imply genetical hazards 100-1,000 times 




















Table 1. SoOROTAL TEMPERATURE OF CLOTHED AND UNOLOTHED 
SUBJECTS 
Mean scrotal Difference be- 
Experimental No. of | temperature (°C.) | tween clothed 
conditions bject and nude 
Clothed | Nude °C.) 
Outdoor experiment : 
Trained nudists 5 33°9 30-7 3-2 
Parallel controls 3 34°3 30°9 3-4 
Indoor experiments : 
Controls only 7 34-0 30°56 3°4 
Total 15 34-0 30°7 3°3 
Standard error +0°15 | +0°45 +0-39 
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greater than those estimated from different sources 
of radiation®. If the eugenists regard this increase as 
dangerous, the design of male clothing will have to 
be reformed, for example, in the direction of the 
Scottish kilt or of trousers fitted with a codpiece as 
used in medieval Europe. Garments that tend to 
press the scrotum against the abdominal skin will be 
specially hazardous. Further consideration will have 
to be given to such factors as central-heated rooms 
and frequent hot baths. 

Our thanks are due to Mr. K. Lindberg, chairman 
of Svenska Friluftsféreningen, for valuable co-opera- 
tion. The investigation was aided by a grant from 
the Agricultural Research Council. 

Lars EHRENBERG 
GUNTER VON EHRENSTEIN 
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Resumption of Gonadotrophic Function 
in Pituitary Grafts following Re- 
transplantation from Kidney to Median 
Eminence 


Ir has been repeatedly demonstrated that the pars 
distalis of the hypophysis suffers great functional and 
cytological losses whenever it is transplanted to a 
site remote from normal. Thus, FSH and LH 
secretion ceases abruptly. Everett's? has demon- 
strated in rats that luteotrophin is the only gona- 
dotrophin secreted during 2-3 months after auto- 
transplantation to the kidney. As early as 8 days 
following transplantation, histological examination of 
the grafts indicated complete lack of basophils and 
the presence of only small ‘acidophils’ and chromo- 
phobes. One may question whether these functional 
and cytological changes result from operative trauma 
and other adverse effects of transplantation, on 
one hand, or from loss of hypothalamic control, on 
the other hand. 

To study this question the following experiment 
was performed using 27 albino female rats, 13 experi- 
mental and 14 controls. In all animals hypophysec- 
tomy was performed on a given day, the posterior 
lobe was discarded and the pars distalis was trans- 
planted to the kidney capsule. 15-25 days later the 
pituitary graft was removed from the kidney and by 
the trans-temporal approach it was re-transplanted 
under the brain. In experimental animals it was 
placed under the median eminence of the tuber 
cinereum and in controls under the temporal lobe. 
Up to this time, daily vaginal smears showed a 





December 21, 1957 vou. 180 


constant ancestrus which continued in all animals 


even after re-transplantation. When no cyclic 
vaginal changes were observed for one month follow- 
ing this operation the assumption was made that the 
hypothalamus had reverted to a pre-pubertal state. 
Knowing that cestrogen injection accelerates onset 
of puberty it was decided to test the effect of oestrone 
on these animals. Very small doses (10-15 pgm. in 
sesame oil) were administered at irregular intervals 
of 5-18 days during a month and a half. The result 
was that in five experimental animals, cyclic cestrous 
changes began after 1-5 injections. These cycles were 
of 6-8 days duration. In addition to the cycles, 
further proof that gonadotrophic hormones were 
secreted in considerable amounts was given by the 
fact that three of these animals became pregnant. The 
remaining experimental animals and all the controls 
were injected with cstrone at intervals for periods 
of 2-3 months, but except for the days immediately 
following injection their vaginal smears always 
showed a complete ancestrus. 

Histologically, the ovaries, uteri and vagine 
appeared normal in those animals that re-cycled 
following re-transplantation of the pituitary under 
the median eminence. On the other hand, these 
organs appeared completely atrophic in the control 
animals and also in those experimental animals that 
failed to show cyclic vaginal changes. In the cycling 
group, the appearance of the ovaries corresponded to 
the day of the cycle when the animal was killed. In 
general there were growing follicles and fresh corpora 
lutea together with some repair of the interstitial 
tissue. Fig. la shows a section of an ovary from a 
re-cycling animal killed in pro-cstrus in which 
numerous follicles and corpora lutea of different sizes 
can be seen. Fig. 1b represents an ovary from the 
control group where complete atrophy of the organ 
is evident. 

To facilitate the study of vascularization of the 
re-transplanted grafts the animals were injected with 
india ink at the time of autopsy. Thick, unstained 
celloidin sections were examined, and it was seen that 
grafts from animals that had re-cycled derived their 
main blood supply from the primary capillary plexus 
of the median eminence. It was found that in only 
one of the remaining experimental animals the main 
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blood supply came from the median eminence region. 
The other grafts were so placed, for example too 
anteriorly, that only a very minor portion of the gland 
appeared to be irrigated by median eminence blood. 
Grafts from control animals received their blood 
supply from the overlying temporal lobe tissue. 
Although the source of blood was different the degree 
of vascularization of all grafts was in general equal. 
In size also there was little variation. 

A great difference, however, between the grafts 
was seen on cytological examination of thin sections 
alternating with the thick ones described above. The 
grafts under the temporal lobe were composed of 
small, relatively undifferentiated cells, and the general 
appearance was very similar to the kidney grafts 
before re-transplantation. On the other hand, in the 
five grafts re-transplanted under the median eminence 
with restoration of cyclic function, great cellular 
re-differentiation was always found and basophils of 
normal form and staining properties were seen in 
significant numbers. Only one graft of the remaining 
experimental animals, one in most intimate relation 
to the median eminence, contained numerous large 
differentiated cells. All the others showed only 
occasional such cells, which were perhaps limited to 
the region vascularized by vessels from the median 
eminence. In all grafts from experimental animals 
failing to cycle, no normal basophils were found, the 
only ones present being castration cells. 

Pituitary capsules were examined histologically 
and no remnants, or only very small ones, were found 
in three re-cycling rats and ten others. These consisted 
of small clusters of cells which were almost or com- 
pletely undifferentiated. In the three re-cycling 
animals that had remnants these were in no case 
larger than the remnants found in other animals. 
On the contrary, in three of the control animals the 
remnants were at least three to four times larger 
than those from the experimental animals and they 
were well differentiated. Yet, even that amount of 
original gland left in place was incapable of appre- 
ciable gonadotrophic function as judged by the 
complete atrophy of the ovaries in these animals. 

In an early experiment Greep* suggested a direct 
hypothalamic influence on gonadotrophin secretions. 
Normal reproductive function was sustained in 
hypophysectomized rats in which grafts were placed 
in the presumably emptied hypophysial capsules. 
Histological control of the extent of the hypophysec- 
tomy was impossible, however. This difficulty was 
circumvented by Harris and Jacobsohn‘, who intro- 
duced the transplant under the median eminence by 
the trans-temporal route, hence outside the hypo- 
physial capsule. The capsule could then easily be 
searched for glandular remnants. The present 
experiment carries the work of Greep and of Harris 
and Jacobsohn one step further. It demonstrates 
that a pars distalis autograft, after having lost most 
of its functional and cytological differentiation while 
in the kidney, can recover nearly normal cytology 
and gonadotrophic function when re-transplanted 
from the kidney to the proximity of the median 
eminence. 

One may conclude, therefore, that the loss of 
cytological differentiation and of FSH—LH secretion in 
pituitaries transplanted away from the hypothalamus 
is not primarily due to the injury which occurs during 
the operation, but rather to the distance from the 
diencephalon. This experiment furnishes strong 
additional evidence that to function normally the 
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pars distalis must receive some humoral stimulus 
from the hypothalamus by way of the hypophysial 
portal vessels. 

This investigation was supported in part by a 
grant from the Committee for Research in Problems 
of Sex, National Academy of Sciences—National 
Research Council. 
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Red-Cell Survival in Familial Hemolytic 
Anzmias 


WHEN the red-cell hem of familial hemolytic 
anemia patients is isotopically tagged, as by the 
administration of glycine-5N, the curves of subse- 
quent isotope-levels are interpretable in at least two 
ways'. It is shown here that the one of the inter- 
pretations which is most widely accepted is also 
consistent with the related data on tagging of the 
excreted stercobilin. This result combines with other 
data to imply that the incorporation of hem occurs 
only during a relatively late part of the development 
of red cells in the bone marrow of these patients. 

The case of sickle-cell anemia studied by James 
and Abbott? is the easiest of such cases to interpret 
because the tagged hem and stercobilin decay curves 
are the simplest ones yet available. But even for this 
case the tagged hem curves appeared to have two 
possible interpretations'. If b is such that 1/b is the 
average time lapse between tagging and release of 
the developing red cells, and k is such that 1/k is 
the average survival time of circulating red cells, 
then the two alternative cases are such that either : 


1/b= 2 days 1/b=19 days 
1{ihoibane or 4 i)p= 2 days 


In an earlier note! I showed that if one assumes that 
the average development time of red cells is about 
the same as the average time lapse between their 
tagging and their release to the circulation, then the 
well-known bone marrow hyperplasia of familial 
hemolytic anemia cases is consistent with case II 
rather than case I. However, if we now consider 
the associated curve of stercobilin we notice 
that k equals the fraction of tagged hem converted 
to stercobilin (tagged) each day. 

On further examination of the sickle-cell anemia 
case described by James and Abbott*, we find that 
approximately 


0:17 x 0-41=0-07 


is the fraction of hem that was converted to stercobilin 
each day by that patient. Since 1/k=14 days in 
that instance, it must be concluded that the stercobilin 
data are consistent with case I above, which is also 
the generally accepted interpretation of such cases. 
Hyperplasia of the bone marrow is also consistent 
with this interpretation if the incorporation of hem 
occurs only in the later stages of red cell development 
in the bone marrow. 
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A corollary of the conclusion that red cell survival 
in the circulation is 2-3 weeks in familial hzmolytic 
anzmia cases (and that incorporation of red cell hem 
takes only the last few days of their formation) is 
that reticulocytes may circulate as long as 3-4 days, 
as in the case reported by James and Abbott*. 


Rosert L. Evans 


Department of Physiology, 
Medical School, 
University of Minnesota, 
Minneapolis 14, Minnesota. 
* Evans, Robert L., Nature, 177, 839 (1956). 


* James, III, G. Watson, and Abbott, jun., Lynn D., Proc. Soc. Exp. 
Biol. Med., $8, 398 (1955). 


Effect of Exteroceptive Factors on the 
Cstrous Cycle of Mice 


A stupy of the incidence of copulation plugs in 
monogamously paired mice showed that the cestrous 
cycle is influenced by stimuli associated with males'. 
These stimuli are probably olfactory since they are 
effective through a wire grid and removal of the olfac- 
tory bulbs results in a reduction of ovarian weight 
and activity’. 

It has now been established from changes in vaginal 
smears that the cestrous cycle is shortened by the 
proximity of a male, although a previous attempt to 
demonstrate this had failed’. The reason for this 
failure has also become apparent; for it has been 
found that when females are caged together in large 
groups, remote from males, estrus and ovulation 
occur infrequently. Under such conditions the 
majority of animals show persistent mucification of 
the vaginal epithelium. In contrast to this, normal 
cycles occur regularly in most animals caged individu- 
ally. This difference is also reflected in the incidence 
of mating when the mice are afterwards paired 
with vigorous males. In mice that have been grouped, 
copulation is synchronized so that in the majority 
it occurs on the third night after pairing, but is 
distributed more evenly over the first four nights in 
females which have been caged individually. 

Mucification of the vagina of mice caged in groups 
and segregated from males may persist for forty or 
more days. There is an associated reduction in the 
weight of both uterus and ovaries. The latter appears 
to result from a decrease in the number of corpora 
lutea, which may be completely absent from some 
ovaries. These findings show that the cestrous cycle 
is suspended in these mice. The duration of the muci- 
fication, the ovarian and uterine changes, and in 
addition the failure of the uterus to respond to 
trauma with the formation of placentoma, show that 
this suspension is not due to pseudopregnancy. 
Thus it differs from the findings described by Lee 
and Boot* when mice were placed four to a cage. 
It seems probable that the mucification of the vagina 
resembles that observed by Robson and Wiesner‘ 
following the administration of doses of cestrogen too 
small to elicit cornification of the vaginal epithelium. 

Stress from overcrowding does not appear to be 


the cause of the inhibition of the cycles for the 
following reasons: the animals maintain their weight 
and sleek appearance; there is no impairment of 
reproductive capacity since more than 90 per cent 
of them are capable of fertile mating within five 
days of pairing ; if a male is confined in a grid within 
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the cage cestrus appears promptly in almost all the 
mice. 

These findings lead to the conclusion that the 
suspension of cestrous cycles of mice which have been 
grouped results from a relatively specific depression 
of pituitary gonadotrophic function. There is as yet 
no indication of the mechanism involved. However, 
if mutual inhibition of cestrous cycles also occurs in 
natural populations it may provide a mechanism, 
intrinsic to a species, to account for cycles in popula- 
tion density. While initiation of estrous cycles by 
olfactory stimuli emanating from males may act as 
‘releasers’*, Sibley* has pointed out that they may 
function also as ‘isolating mechanisms’’. 

A full account of these findings will be submitted 
shortly to the Journal of Endocrinology. 


M. K. Wurirren 


John Curtin School of Medical Research, 
Australian National University, 
Canberra. 


1 Whitten, W. K., J. Endocrin., 18, 399 (1956). 

* Whitten, W. K., J. Endocrin., 14, 160 (1956). 

® Lee, S. van der, and Boot, L. M., Acta Physiol. et Pharm. Neerland., 
4, 443 (1955). 

‘ a M., and Wiesner, B. P., Quart. J. Exp. Physiol., 21, 217 

* Lorenz, K. Z., J. Ornith., 88, 137, 289 (1935). 

* Sibley, C. G., personal communication (1957); 
(1957). 

? Dobzhansky, T., Amer. 


Condor, 59, 166 


Nat., 71, 404 (1937). 


The Genus Cypraea 


RecEntT literature abounds with criticism of the 
current trend to split genera. The subfamily 
Cypraeinae (family Cypraeidae) is a case in point’*. 
Linnzus’s genus Cypraea, which forms the basis for 
the subfamily, contained 42 species. At present 
approximately 160 are recognized. These species 
have been distributed in no fewer than 60 genera 
over the past twenty-five years, 52 of which appear 
in the latest work on the group*. 

While deploring the situation and suggesting that 
caution be used henceforth in describing genera, 
critics have failed to recognize two points. The 
genera among which the species of the Cypraeinae 
are now distributed are based primarily on only one 
feature of the animal, the shell, with little or no 
consideration of other characters such as the radula 
or genitalia. Secondly, numerous genera described 
on the basis of minute differences in shell characters 
which are necessarily of a somewhat subjective 
nature only serve to obscure the broad picture of 
prosobranch relationships. 

Current studies of the soft parts of more than 
fifty species of the Cypraeinae show a remarkably 
conservative anatomical picture : the mantle is large 
and tends to cover the shell; the osphradium is 
trifid, enclosed in a single, arched ctenidium; the 
cerebral and pleural ganglia are closely associated ; 
the pedal ganglia form long cords traversing the 
length of the foot; the penis is a slender, elongate, 
conical structure; and the digestive system is 
characterized by a swollen mid-cesophagus and 
stomach with a cecum. The only differences dis- 
cernible between species, apart from slight variations 
in mantle decoration, are in the structure of the 
radular teeth and in the pattern of the female geni- 
talia. The species examined thus far fall into only 
two groups, one in which the female genitalia are 
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simple and the radular teeth rectangular with both 
subtending and internal bracts, and a second in which 
the female genitalia are complex in that a bursa 
copulatrix is present and the radular teeth are either 
rounded or rectangular and lack subtending bracts. 

The conservative anatomical picture displayed is 
in marked contrast to the diversity implied by the 
numerous genera among which the species are now 
distributed. Furthermore, the two anatomical cate- 
gories which are distinguishable cross the generic 
lines of the schemes of classification proposed by 
Thiele‘, Schilder and Schilder®, Steadman and 
Cotton*, and Allan*. These facts indicate that the 
numerous genera described primarily on the basis of 
shell characters are untenable. 

I propose that only the genus Cypraea be retained 
for members of the subfamily Cypraeinae. This genus 
can be broadly described on the basis of both con- 
chological and anatomical characters, and thus 
described becomes a useful and significant taxonomic 
category. It obviates burdening the literature with 
innumerable genera which cannot be definitively 
described on the basis of shell characters alone. 
Based on several features of the animal, it is significant 
when considered both in relation to other members 
of the family Cypraeidae and to the prosobranchs in 
general. Differences which do exist in radula and 
genitalia may be utilized in conjunction with certain 
conchological characters to describe subgenera at a 


later date. 
Attson Kay 


Dept. of Zoology and Entomology, 
University of Hawaii, 
Honolulu. 

Aug. 6. 


1 Burch, J., Systematic Zoology, 6, 144 (1956). 
* Verdcourt, B., Nature, 178, 1414 (1956). 


* Allan, J., “Cowry Shells of World Seas” (Melbourne House, 1956). 


* Thiele, J., Handbuch der Systematischen Weichtierkunde (1931). 
* Schilder and Schilder, Proc. Malac. Soc., 28, 119 (1938-39). 
*Steadman and Cotton, Rec. S. Austr. Mus., 8, 503 (1946). 


A Method for concentrating Pollen 
Grains and Small Fossil Remains from 
Fibrous Peats and Moss Polsters 


OnE of the greatest factors retarding palynological 
studies of Australian Quaternary deposits is the 
difficulty in obtaining fossil pollen in concentrations 
sufficiently high for statistical analyses. 

A modification of the standard sieving technique 
for peats' has been developed for extracting pollen 
and other small plant remains (for example, seeds, 
epidermal tissues and fungal fruiting bodies) from 
fibrous peats in Western Australia. 

The method involves the use of small wire gauze 
tubes into which the peat is placed. The tubes are 
then boiled in 10 per cent alkali (potassium hydroxide) 
and as the peat digests, the pollen and other fine 
fragments pass through the meshes of the gauze, 
leaving the larger remains in the tube. The pollen 
fraction is then centrifuged and treated by the stand- 
ard acetolysis and oxidation methods!s*. The plant 
remains retained in the tube are removed by inverting 
it in a small phial containing 20 per cent aqueous 
glycerine. A quick shake is sufficient to dislodge the 
residues, which can be stored for future examination. 
The gauze slug must be thoroughly cleaned before 
re-using and this is achieved with a bottle brush 
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the bristles of which are trimmed to the same 
diameter as the gauze sieve tubes. 

Three types of tube, made from brass gauze to 
withstand the alkali treatment, have been used and 
the method of construction is outlined below. 

(a) For peats. Tube A. A small cylinder is made 
from a strip of 60-mesh gauze approximately 25 mm. x 
27 mm., and the seam soldered (rolling the gauze 
around a pencil makes a tube of convenient dia- 
meter). A gauze disk is then soldered to one end 
of the tube and a small rubber stopper fitted to the 
other. 

Tube B. A slightly larger tube is made in the 
same way as A, using a strip of 35 mm. x 40 mm. 
100-mesh gauze. 

(6) For moss polsters. Tube C. A large tube is 
made using a strip (approximately 65 mm. x 65mm.) 
of 60-mesh gauze. This tube is particularly valuable 
where statistical comparisons of size are to be made 
between pollen grain and pollen preparations from 
anthers, where uniform treatments are essential. 

The main advantage of sieving is that it allows 
the separation of the pollen from the larger organic 
fragments which break down during the later stages 
of treatment to residues which obscure and dilute 
the pollen. To test the value of the sieves described, 
three pollen preparations were made from the same 
peat specimen. The first, or control preparation, 
was treated by the standard alkali, acetolysis and 
oxidation methods. The second preparation was 
treated in the same manner as the control with the 
exception that the peat was placed inside tube A 
during the alkali treatment. In the third preparation, 
tube A was placed inside tube B for the alkali treat- 
ment. An estimate of the concentration of pollen 
in the preparations was made by counting the ratio 
of the frequency of pollen to non-pollen material 
encountered by a micrometer eyepiece mark in a 
series of ten transects across an 18-mm. square 
coverslip. By comparison with the control prepara- 
tion, the 60-mesh cylinder gave a 600 per cent in- 
crease in pollen frequency while a 1,500 per cent 
increase was obtained by placing tube A inside tube B. 

When the peat was boiled directly inside the tube B 
it tended to block the meshes, preventing the finer 
material from passing through. Thus the principle 
of the modified method is the same as in mechanical 
analyses, where the coarser fractions are removed 
before proceeding to successively finer fractions, 
and this process continued until the desired size is 
reached. 

The advantages of the gauze tubes over the more 
conventional sieving techniques appear to be two- 
fold. First, the filtering process combines boiling in 
alkali and filtering into a single operation. Thus 
only the volume necessary for the alkali treatment 
is required and the time-consuming washing of resi- 
dues and reconcentration from the filtrate eliminated. 
Secondly, continuous agitation prevents the possi- 
bility of packing the larger residues against the gauze 
where they could act as a filter and prevent the 
pollen material from passing through the sieve 


meshes. 
D. M. CaURCHILL 
Department of Botany, 
University of Western Australia. 
1Erdtman, G., “An Introduction to Pollen Analysis” (Chronica 
Botanica Company, Waltham, Mass., 1943). 


oF , K., and Iversen, J., “Textbook of Modern Pollen Analysis” 
(Ejnar Munksgaard, Copenhagen, 1950). 
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APPOINTMENTS VACANT 


Applications are invited for the following appointments on or 
ay a the dates mentioned : 
ANT LECTURER IN Roneworsrens and ASSISTANT WARDEN 
(single, agi, wale, with a ‘s univers or diploma in horticulture and 
&@ 80 knowledge of tival orticulture)—The Principal Agri- 
cultural Officer, Lan: wien of Agriculture, Hutton, 
near Preston, Lancashi 28) 


JUNIOR BIOCHEMIST (Basie €) IN THE DEPARTMENT OF PaTHO- 
Loey—The a Secretary, er Hey Children’s Hospital, Liverpool 
12 (December 28). 

LABORATORY ASSISTANT IN THE SCIENCE DEPARTMENT, to be 

msible to the Head for the maintenance of the Physics Lab- 
oratories—The Principal, Acton Technical College, High Street, Acton, 
London, W.3, quoting W.589N (December 28). 

LABORA’ TORY TROHNICIAN rearela for Mology work involving 
the care of some animals— — , Furzedown College, Welham 
Road, London, 8.W.17 (December 28 
SCIENTIFIC OFFICER (oeteraby gr sduate in science and with a 
knowledge of bee- ——— laceville Research Station na 

vo in oe eS ecting the bee-keeping industry in 
Zealan —The Commissioner for New Zealand, 415 Strand, 
taan. W.C.2 smion ferseanon P (December 31 
SENIOR and Junior RESEARCH FELLOWS ( th a first- or second- 


class honours degree in an appropriate subject and evidence of a 
very high standard of ability in research) @ Government Scientific 
Establ ente—The C: rvice Cenienieion, Scientific Branch, 


20 Old Burlington Street, London, W.1, quoting 8.4695/57 (Decem- 


ber 31). 
Senior LECTURER (with a good honours degree, teaching experience, 
and wide industrial experience related to instrument engineering 

and/or electronics) IN PHysics, to be responsible for planning develop- 
ments in the subject, more especially in the fields of spalies physics 
allied to instrumentation— strar, Flin’ Technical 
College, Connah’s Quay, near Chester (December 31). 

SCIENTIFIC OFFICER or SENIOR SCIENTIFIC OFFICER (with a first- 
or second-class honours degree in civil engineering or equivalent) 
AT THE BUILDING am ey STATION (D.S.1.R.), Garston, Herts, 
for research on engineering design and construction of nuclear power 
plants, particularly in concrete and reinforced concrete—The Ministry 

of Labour and National Service, Technical and Scientific Register 
(K), 26 King Street, London, 8.W.1, quoting E.609/7A (January 4). 

SCIENTIFIO OFFICER (with’ a first- or second-class honours degree 
in bacteriology, with biochemistry, chemistry or biolo; as pol 
sidiary ; or in biochemistry with bacteriology as subsi 
preferably some research experience in meng and the dvility 
- © to sea) AT TORRY RESEARCH STATION (D.S.1.R.), Aberdeen, 

eal with problems —s to the preservation —_ quality of 
fish as food, and to lead and direct ee — of research, some 
academic, some applied—The Ministry of Labour and National 
Service, Technical and Scientific Register (K), 26 o king Street, Lopdon, 
8.W.1, “quoting G.404/7A (January 4). 

LECTURER IN AGRICULTURAL CHEMISTRY (SOL SCIENCE) ; 
TECHNICAL ASSISTANT IN THE DEPARTMENT OF AGRICULTURAL CHEM- 
istry, Waite Agricultural Research Institute—The —— Univer- 
sity of nag Adelaide, South Australia (January 20). 

Lecronun iN ELECTRICAL ENGINEERING (Hgeavy)—The rome il 
The Queen’s University of Belfast, Northern Ireland (January 22). 

RESEARCH CHAIR OF WOOL TEXTILE ENGINEERING—The Registrar, 
The University, Leeds 2 (January 31). 

POSTGRADUATE RESEARCH a IN BACTERIOLOGY, CHEM- 
ISTRY, HOUSEHOLD SCIENCE, MATHEMATICS or Puysics—The Secre- 
ary. Queen Elizabeth College (University of London), Campden Hill 

Road, London, W.8 (March 1 

ABSTRACTOR/INDEXER WITH THE AGRICULTURAL RESEARCH COUN- 
ERIMENTAL AGRONOMY, to assist in the production 
of Weed Abstracts—The Secretary, Department of Agriculture, Agri- 
cultural Research Council, Parks Road, Oxford. 

ABSTRACTORS (preferably with a working knowledge of languages) 
AT THE FURL RESEARCH STATION (D.S.1.R.), East Dulwich, to abstract 
world scientific literature on fuel and power—The Ministry of Labour 
and National Service, Technical and — Register (K), 26 King 
Street, London, 8.W. 1, quoting A.320/7A. 

ASSISTANT BIOCHEMIST (with a B.Sc, degree with honours in chem- 
istry or biochemistry, or the Tn epg med Group Pathologist, 
Withington Hospital, hes! 

CHEMIST or METALLURGIST poe ay with an honours degree or equi- 
valent qualification) IN THE PHYSICAL CHEMISTRY SECTION of the 
Chemistry Department in the Battersea (London) Laboratories of 
the B.1.5. SR. A., for research work on the go= chemistry of ferrous 
metallurgical ‘processes—The Personnel Officer, British Iron and 
Steel Research Association, 11 Park Lane, London, W.1, 
“C.P.9”. 

EXPERIMENTAL OFFICER (with G.C.E.(A. ), H.N.C., or equivalent, 
and preferably with radiation dosimetry or photographic experience), 
to assist \n the development of instruments and barn uneluding 
contracts liaison, and to supervise the personnel monito: film service 
of the Health Physics Division——The Recruitment Olen (9522/34), 
Atomic Energy Research Establishment, Harwell, Didcot, Berks. 

LECTURER IN PURE AND APPLIED MATHEMATICS IN THE DEPART- 
MENT OF eS Secretary, Sir John Cass College, Jewry 
Street, London 

LECTURER hy i academic qualifications) Iv SPROTROSCOPY— 
Fee ort to 4 Governing Body, Battersea College of Technology. 

zondon oil, 

LECTURERS, ASSISTANT Or ASSOCIATE PROFESSORS (2) IN THE 
DEPARTMENT OF MATHEMATICS—Dr. J. W. Lawson, Chairman 
Department of Mathematics, The University of Manitoba, Winnipeg, 
Manitoba, Canada. 

LROTURERS, ASSISTANT or ASSOCIATE PROFESSORS (2) IN THE 
DEPARTMENT OF Paysics—Dr. B. G. Whitmore, Chairman, Depart- 
= Physics, The University of Manitoba, Winnipeg, Mani itoba, 

ada 


and a 


quoting 
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ut the School up to “A” 
level, with a little general science in the Lower School— Head- 
master, City of London School, Victoria Emba it, London, E.C.4. 

PHYSICIST (graduate of a British university, with e: rience in 
electronic engineering), for duties mole concerned with the Depart- 
ment of Electroencephalography ; also with the development of 
equipment in other departments—The Secretary, Runwell (Mental) 
Hospital, near Wickford, Essex. 

PHYSIOLOGICAL LABORATORY SUPERINTENDENT (male . Sx- 
perience in laboratories of a teaching institution, a speci: 
ledge of physiology and biology, and able 6, maintain Sieiienicai 
apparatus) in the Nigeria Nort ern Region M pai Department, for 
duties which include assistance in laboratory tie ee pharm- 
acists—The Crown Agents, 4 Millbank, London, awit W.1, quoting 
M.3/44413/NF. 

PRINCIPAL (with high academic qualifications, a knowledge or 
industry, and administrative ability) oF COVENTRY TECHNICAL 
CoLlEGE—The Director of Education, New Council Off Offices, Coventry. 

RwsEARCH ASSISTANT for work on ionic melts—Prof. R 
Ubbelohde, Chemical Engineering Department, Imperial dtitede 
London, 8 'W.7. 

SCIENTIFIO OFFICERS (with a first- or second-class honours degree 
in physics, a working knowledge of electronics, and preferably experi- 
ence in one or more of the following fields : = es, detonation 

processes, or solid state physics), to undertake work "y ‘the field of 
electrical physics, coving, nove’ items and proving their feasibility 
for ~—_s application— Senior Recruitment Officer, Atomic 
Weapons Research Establishment, Aldermaston, 
ae. 1640/84 


R LECTURER or ASSOCIATE PROFESSOR (with wide practical 
sided ao Re experience) in the field of et eee sm and auto- 
matic control, to be responsible for advanced courses to postgraduate 
and fourth year students—The Secretary for Academic Staff,’ Technion- 
Israel Institute of Technology, P.O.B. 4910, Haifa 

SENIOR TECHNICIAN (with a sound knowledge of electronic circuits 
and components (for example, audio and h.f. amplifiers, d.c. amplifiers, 
counting and scaling circuits) and of their practical assembly and 
testing, together with the ability to perform normal light machining 
operations) IN THE PHYSICS DEPARTMENT WORKSHOP, for duties 
which include the servicing of high-energy deep X-ray thera y equip- 
ment—tThe Secretary, Mount Vernon mane, moceorert. iddlesex. 

VISITING LECTURER IN MATHEMATICS—Prof, Wallace, Tulane 
University, New Orleans, La., U.S.A. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 

University Grants Committee. Report of the sub-committee on 
Halls of Residence. Pp. vi+54. (London: H.M. Stationery Office, 
1957.) 3s. net. 3 

Institute of Navigation. Report of the Council, 1956-57. Pp. 16. 
(London: Institute of Navigation, 1957.) 309 

Association of British Chemical Manufacturers. A System of La! 
for Gassing Casualties sent to Hospital. Second edition. Pp. v+44. 
pea Association of British Chemical Manufacturers, 12 


4 [ 
Radio Industry Council. Specification No. RIC/1,000/A : Choice of 
a for Radio and other Equipment and for maponents therein. 


STER TO TEACH CHEMISTRY 


Berkshire, quoting 


p. 31. (Issue No. 2—January, 1957.) 8: a RIC/1,000/B : 
( Choive of Finishes for Radio and other uipment ay for 
Components therein. 24. (Issue No. pax nk, 957.) (London : 
Radio Industry Council, ‘1957. ) (309 


Other Countries 


North Rhodesia: Water Development and ey Department. 
Annual Report for the year 1956. Pp. 10. (Lusaka: Government 
Printer, 1957.) 1s. 269 

Annual Report of the National Museum, Bloemfontein, for the year 
ended 3ist yore. 1957. gP- 14 +4 plates. ches of the oe 


Museum. Vol. 1, Part 10: The Fossil Pigs of Florisbad. By R. 
Ewer. Pp. 289-258 (4 plates). (Bloemfontein: National a ass 
1957, 


) 
Report of ae Majesty’s Astronomer at the Cape of Good Hope to 
the Secretary of the Admiralty for the year 1956. Pp. 11. (Cape of 
Good Hope: The Observatory, cal 8 309 

Southern Rhodesia. Geol 4 urvey —— No. 48: 
Geology of the Country between Belingwe and W t Nicholson. By 
B. G. Worst. Pp. iv +218 +25 plates. yp teh ¢ Director, Geologi- 
cal Survey, for the year 1956. 11+1 map. 5s. isbury : 
Government Printer, 1956 and 1957.) [309 
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MINIATURE 
BEARINGS 


range in size from I°5 mm. o.d. 
to 10 mm. o.d. Some are made 
with open cups which allow 
clearance for spindleextensions, 
ranging from 0:25 to 2 mm. 
Full particulars and sizes are 
available on application. 


The bearings illustrated 
are actual size. 
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TILTING SYPHON 
RAIN GAUGE 











Overa'l Height - 


~- 34in. 
Diameter of Base — 20 in. 


This is the very latest type of Self-recording Rain Gauge, 
fitted with a tilting arrangement which ensures a complete 
syphoning when the rain water has filled the float chamber 


Price and further particulars on application from the Makers 
HEATH, HICKS & PERKEN (Thermometers)LTD. 
(associated with W. F. Stanley & Co. Ltd.) 

NEW ELTHAM, LONDON, S.E.9 
Phone : ELTHAM 3836 Grams : “Optimus, Souphone"”’ London 
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Speaking > 


Wherever electricity is used in industry, 
there is a need for electrical measuring instruments. Pheno- 
menal development in the war and post-war years has produced 
a need for such a multiplicity of instruments of different kinds 
that there is a prevailing tendency towards the slowing down of 
maintenance and laboratory work through having too many 
instruments in use. Incidentally, too much test gear also 
means too much expense. The answer to such problems is 
provided by ‘Avo’? MULTI-RANGE instruments. 






The Model 7 Universal 
AvoMeter is a typical 
modern 





Write for a FREE copy 
of the latest Compre- 


S hensive Guide to 
“AVO" Instruments 
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ERLECTRECAR 

‘ VESTENG 
ab GUSTRUMEATS 


MODEL 7 UNIVERSAL AVOMETER 
MODEL 8 UNIVERSAL AVOMETER 
MODEL 40 UNIVERSAL AVOMETER 
HEAVY DUTY AVOMETER 
“AVO"* ELECTRONIC TESTMETER 
‘“‘AVO"’ ELECTRONIC TEST UNIT 
*“*AVO”"’ SIGNAL GENERATORS 
*“AVO" VALVE CHARACTERISTIC METER 
“AVO"* LIGHT METER 
etc., etc, 


Sole Proprietors and Manufacturers: 


AVO LTD. 


Avocet House, 92-96 Vauxhall Bridge Road, London, S.W.1 
ViCtoria 3404 (9 lines) 
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BECK 
MICROMETER MICROSCOPE 


Accuracy in measurement 


Full particulars of : 


R & J BECK LTD -°"\onconwi 
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0-845 INDUSTRIAL WESTON REFERENCECELLS 


Use Muirhead D-845 Reference Cells. Reproducible, tough 
and reliable. Automation and other scientific applications 
require voltage standards which stay put. D-845 cells re 
main unaffected by ambient temperature changes. Voltage 
variation is less than 3 millionths of a volt per °F over an 


ambient range of at least 40-100°F, 


MUIRHEAD 


MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 
PRECISION ELECTRICAL INSTRUMENT MAKERS 
Phone: Beckenham4888. Telegrams & Cables: MUIRHEAD, BECKENHAM 





FOR GENERAL PURPOSES 


MAXIMUM TEMPERATURE.1000°C. ENTIRELY SELF-CONTAINED 4 


Modern, clean appearance with built-in control equipment. — 
Cases made of asbestolite panels which ensure maximum ~ 
resistance to corrosion and present smooth external surfaces. — 
High quality wire-wound elements, external to the muffles ~ 
and hence protected from and gases arising inside — 
the furnace during operation. 


Uniform temperature and low power consumption. 
All furnaces protected by a temperature fuse. 
Removable panel permits easy access for renewal of 
heating elements in the event of failure. 
Send for catalogue No. 558A giving full details of our 
complete range of laboratory furnaces. 
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GALLENKAMP 


A 
A. GALLENKAMP & CO. LTD., SUN ST., LONDON, E.C.2 
CU. Tel: Bishopsgaté 0651 Grams: Gallenkamp, Stock, London 
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